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Buying a home is the biggest single investment 
most consumers make in a lifetime. Knowing how 
to shop wisely and avoid unexpected expenses is 
just as important when purchasing a new home as 
it is when purchasing a new car. Homebuyers 
who know how to inspect a home before signing a 
contract protect themselves from future problems. 
This circular describes major problem areas in 
homes and describes major and minor repairs. 
The inspection checklist will help buyers remem-
ber what to look for while making their inspec-
tion. 
Shopping for a Home 
Buyers may already have a good idea of their 
ideal home. But if they do not, an initial screening 
process is a good idea. By visiting several homes, 
by shopping in different neighborhoods, and by 
talking with friends and real estate agents, buyers 
can focus their thoughts. After looking at anum-
ber of homes, buyers will begin to screen out 
those that do not meet their needs. 
During this initial screening stage buyers typical-
ly consider several things: the neighborhood, the 
school system, the property taxes, proximity to 
work, recreational opportunities, size of the lot, 
landscaping, square footage of the house, number 
of bedrooms and baths, the floor plan, condition of 
the kitchen, and the color and decorating scheme of 
the house. Eventually one or more houses will be 
selected as a likely purchase. 
Inspecting the Home 
Having narrowed down the choice, buyers must 
now decide whether or not to make an offer on 
the house. A home inspection may be done before 
the offer is made if the seller or real estate agent 
agrees to allow access to the property. This may 
help owners decide which of two or three houses 
deserves their serious attention. If a preliminary 
inspection can be done before making an offer on 
a property the homebuyers may wish to do the in-
spection themselves. 
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A home inspection can also be placed as a "con-
tingency" on the contract. This means that the 
buyer has the right to hire the services of a profes-
sional home inspector paid by the buyer to try to 
discover structural or mechanical problems in the 
home. Contract language such as "Approval sub-
ject to a favorable inspection by the firm xxx, Home 
Inspectors" can be included by the buyers' real es-
tate agent if the buyer asks. If the inspector does 
discover problems, the contract can be renego-
tiated, or the buyer may withdraw the offer to pur-
chase. 
It is important to note that real estate law estab-
lishes that both real estate agents-the agent for the 
buyer and the agent for the seller-are working for 
the seller. Both agents are paid a commission by the 
seller. So even if the real estate agent seems to be 
working for the best interests of the buyers, agents 
are required by law to look after the interests of the 
seller. The only people who can be brought in legal-
ly to look after the buyers' interests are the home 
inspector and the buyers' attorney. The inspector is 
paid by the buyers and is, therefore, contractually 
obligated to work on their behalf. 
In some areas real estate agents are reluctant to 
work with home inspectors because inspectors may 
discover problems that will void the contract. 
However, court decisions in many states have es-
tablished that real estate agents can be held liable if 
they do not give buyers information about 
problems. This has meant that realtors are becom-
ing more willing to work with inspectors. Because 
real estate contracts are binding agreements, it is 
important for buyers to hire an attorney to repre-
sent their interests, especially if they want to make 
sure the contract can be voided if the inspector dis-
covers major problems. 
An Inspection Toolkit 
Even if homebuyers decide to hire a professional 
inspector, they may wish to conduct their own 
preliminary inspection. Homebuyers undertaking 
their own inspection will need a basic toolkit. A 
small tool box or sack will hold the following: 
• a flashlight 
• a Phillips-head screwdriver and flat-head 
screwdriver 
• a circuit tester 
• (optional) a scratch awl 
• (optional) binoculars 
Buyers may also wish to obtain the owners' per-
mission to inspect the roof. If the owner grants per-
mission, an extension ladder will also be needed. 
The buyer should also find out whether a step lad-
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der will be needed to get. to the attic. Sometimes the 
only access to the attic is through a hatch in the 
closet ceiling. 
If an owner is not comfortable with a buyer 
climbing on the roof, or if the roof is too steep, the 
buyer may be able to lean a ladder against the edge 
of the roof and inspect the roof condition from the 
eaves. Or, binoculars can be used if none of the 
above is an option. 
Inspection Checklist 
The inspector must make sure that no part of the 
building is overlooked. The inspection checklist 
has been designed to help homebuyers make a 
preliminary evaluation. It is not as comprehensive 
as a professional inspector's checklist, but it can 
help buyers identify major problems. 
The checklist starts on the outside of the house at 
the roofline. The inspector should examine all four 
sides of the house, using the checklist as a guide. 
After completing the exterior inspection, the 
buyer moves inside the house, examining the main 
living areas such as the living room, family room, 
and bedrooms. Bathrooms require a more thorough 
inspection because of the potential for plumbing 
problems and water damage. In kitchens and utility 
rooms, appliances, plumbing, and electrical sys-
tems should be checked conscientiously. 
While inspecting all of these areas, look for 
problems in the building systems section of the 
checklist. The mechanical systems may be in an at-
tached garage, in the crawl space, or in a closet. Do 
not overlook them. The plumbing system, on the 
other hand, will be distributed throughout the 
house- kitchen, bath, utility room, and crawl space 
or basement. 
While walking around and through the house, 
the homebuyers should make notes on any 
problems. 
Major Problems 
Whether the homebuyers wish to do a thorough 
preliminary inspection themselves, or whether 
they wish to hire a professional, the inspection it-
self must be extremely thorough. Many problems 
in homes are hidden. Inspectors will not discover 
these problems unless they systematically inspect 
the entire house-from roof to foundation. The in-
spection must include a check of all the building 
"systems". 
Problems With Building Systems. A system is 
several parts that work together toward a com-
mon goal. For example, the structural system holds 
A1.1 Inspecting the Home 
up the house; the plumbing system brings water to 
and away from the house; the electrical system 
provides the home electricity; the mechanical sys-
tem heats and cools the home; and the roofing sys-
tem shelters the home from the elements. 
The structural system includes all the wood mem-
bers of the building (such as trusses, rafters, and 
floor joists); the foundation of the building (block, 
brick, or concrete walls, both outside and inside the 
house); and the siding (wood, brick, stucco, or 
block). 
The plumbing system includes the drain pipes and 
vent s.tacks (this carries waste to the sewer and 
maintains atmospheric [air] pressure in the waste 
An exterior inspection includes an evaluation of the 
roof system, a look at the condition of walls, windows 
and doors, and an investigation of the foundation 
system and foundation drainage. 
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Components of a residential plumbing system include 
the supply system (left); the fixture (top); and the 
drainage and vent system (right). 
pipes); the condition, age, and location of the septic 
tank and drain field; the water delivery system (the 
age, condition, and materials from which the sys-
tem was constructed); and the water pressure and 
quality (especially important if water comes from a 
well). 
The electrical system includes the condition of 
_wires leading to the house; the size of the electrical 
service (150-200 amps is the current standard); 
grounding of the electrical system; material used in 
the wiring; number of receptacles per room; and 
the use of GFCI circuits (ground fault circuit inter-
rupter to protect against fatal shock). 
The mechanical system includes the heating system 
(forced air furnace, boilers, or heat pumps); the 
cooling system (air conditioner, attic fan); and the 
water heater (gas or electric). 
The roof system plays an important part in shel-
tering a house from weather. Included in this sys-
tem are the roof sheathing (the wood just beneath 
the shingles); the shingles; the roof flashing; and 
the gutters. 
Similarly, the materials used to save energy could 
be considered a thermal system-a system to reduce 
heating and cooling costs. The thermal system in-
cludes the amount of insulation in the walls, in the 
basement or crawl space, and in the attic; the num-
ber of panes of glass on the windows; and the 
presence of storm doors or entry foyers. 
Not all of these systems are visible. Once a house 
is built, it is often hard to uncover flaws of con-
struction. But there still may be evidence of a 
problem, and if homebuyers or professional inspec-
tors are alert, they note the problem so the buyer 
can try to discover its cause. 
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nonmetallic-sheathed cable 
The electrical system should use wiring approved by 
the National Electrical code. 
Problems Caused by Water. Besides checking that 
the building systems function as they were in-
tended, inspectors should look for problems 
caused by water. Water will cause almost all 
building materials to deteriorate. Wood and brick, 
two of the major building materials in home con-
struction, are especially vulnerable. 
Water must be captured and directed away from 
the house. The first line of defense is the gutter. If 
gutters are clogged with leaves, water will overflow 
onto the ground near the house. Gutters that are too 
long may overflow during heavy rain. An inspector 
should always look at gutters carefully to make 
sure they function as intended. 
Even when gutters work effectively, water can 
still pond near the house if the soil nearest the 
house has settled. When houses are first con-
structed, the soil from basement or crawl-space ex-
cavation is backfilled against the foundation walls. 
Over time, this backfill settles. Settlement can create 
a moat around the house. Filling in this moat with 
gravel will not help move the water away from the 
house. An inspector should always 
check that there is positive 
drainage-that water will 
flow away from the 
house, not toward it. 
A moat can be created when backfill settles or 
downspouts deposit water near the foundation. 
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THE HOME-INSPECTION CHECKLIST: EXTERIOR INSPECTION 
THE ROOF 
Pitched Roofs 
Identify roofing material. 
• asphalt shingles 
• wood shingles 
• slate, clay tile, or other 
Determine the condition of shingles and roof sheathing. 
• Are repairs visible? 
• Have shingles blown off? 
• Are surface granules missing? 
• Are shingles cracked? 
• How old are shingles? 
• How many layers of shingles are there? 
• Are there sagging, uneven, or soft places? 
Determine the condition of valleys, ridges, and flashings. 
• Is the chimney flashed with metal? 
• Are plumbing and heating vents flashed? 
• Is flashing in good condition or rusted? 
• Are valleys tom? 
• Does roofing material in valleys look worn? 
Look for ventilation. 
• Are there vents high on the roof? 
• Are there soffit vents? 
Flat Roofs 
Look for problems that may cause leaks. 
• Are there cracked, blistered or tom spots? 
• Does water accumulate in low spots? 
• Does the roof drain toward downspouts? 
• Are there any open seams? 
Chimneys 
Inspect for cracked or loose sections of masonry. 
• Is there a chimney cap? 
• Is mortar in good condition? 
• Are there any cracks in the chimney? 
Inspect flues to make sure they are free of debris and 
have a flue liner. 
• Are flues blocked by debris? 
• Are chimneys lined with clay tile? 
Make sure chimneys meet code requirements. 
• Are metal chimneys or flues securely anchored to the 
roof? 
• On pitched roofs, do chimneys extend 2 feet above 
the ridge? 
• On flat roofs, do chimneys extend 3 feet above the 
roof line? 
• Have wood-burning stoves or flues been installed ac-
cording to local building codes? 
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Gutters and Downspouts 
Identify gutter material. 
• Aluminum. 
• Copper 
• Galvanized steel 
Inspect gutter drainage. 
• Are gutters pitched toward the downspout? 
• Are downspouts spaced too far apart? 
• Are hangers no more than 30" apart? 
• Is the evidence of water spilling over gutters, such 
as a small trench directly below them, or evidence 
of water backsplash onto the side of the house? 
• Are gutters free of debris? 
• Do gutters show signs of rust? 
FOUNDATIONS 
Condition of Foundation Walls 
Look for horizontal, vertical, or stair-step cracks. 
• Do the walls bulge? 
• Are mortar joints in good condition? 
• If brick or block foundation, does the foundation 
masonry have white powder on it? 
• Does the masonry appear to crumble when 
touched? 
Foundation Drainage 
Inspect soil, gravel or concrete near the foundation. 
• Do driveways or sidewalks slope away from the 
house? 
• Has soil near the house settled? Does water pond 
around the foundation wall? 
• Do downspouts divert water away from the house? 
EXTERIOR WALLS 
Condition of Siding, Windows, and Doors 
Inspect for these defects in construction. 
• Are walls vertical, or do they bulge? 
• Is siding cupped or buckled? Knot holes loose? 
• Are there open joints at comers? 
• Is wood siding less than 6 inches from the ground? 
• Does window and door trim show signs of water 
damage? 
• What is the condition of paint, stain, or finish? 
• Are windows cracked? Are there screens? Storm 
windows? More than one pane of glass? 
Location of Utilities 
Determine the location of utilities. 
• Where do electricity, water, and gas enter the house? 
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THE HOME-INSPECTION CHECKLIST: INTERIOR INSPECTION 
ALL ROOMS 
Windows and Doors 
Determine whether windows and doors protect the 
house from weather. 
• Are doors and windows weatherstripped? 
• Do they open easily? Have working locks? 
• Is there evidence of water damage on the insides of 
windows? Could this be caused by condensation in 
cold weather? 
Walls and Ceilings 
Look for stains on ceilings and at tops of walls. 
• Are there brown spots on ceilings or walls? 
• Do walls bulge? Are ceilings sagging? Are walls or 
ceilings cracked? 
• Is the condition of the paint good? 
Floors 
Make sure floors are reasonably level. 
• Are any areas sagging badly? 
• Are there soft spots near doors, around sinks, or 
near showers and toilets? 
Fireplaces and Freestanding Heating Stoves 
Make sure these are installed according to code. 
• Does the fireplace damper close tightly? 
• Is the chimney flue clean? Is there a flue liner? Are 
mortar joints in good condition? 
• Are the wall and ceiling surfaces next to a wood 
stove adequately protected? 
BATHROOM 
Check bath carefully for electrical, plumbing, ventila-
tion, and water-damage problems. 
• Are bath receptacles protected with ground fault cir-
cuit interrupters? 
• Is there a vent fan? Where does it discharge? 
• Do all fixtures have shut-off valves? 
• Is water pressure adequate? 
• Are any pipes leaking? 
• Are there loose tile around the shower or spongy 
areas on the floor around the toilet? 
KITCHEN AND UTILITY ROOM 
Major appliances in the kitchen must be inspected in-
dividually. Frequently, the electrical service, the water 
heater, and the furnace and air conditioner will also be 
located in the kitchen or utility room. 
• Does the water heater have shut-off valves? A pres-
sure--relief valve? 
Page6 
• Do all appliances work? Test each range element. 
• Is there a vent over the kitchen stove? Does it dis-
charge to the out-of-doors? 
• Is all plumbing free of leaks? 
• Is water pressure adequate? 
• Are electrical outlets grounded? Are there enough 
outlets around the counter? 
ATTIC 
Look for attic insulation and ventilation. 
• Is the attic insulated? 
• What is the material? How many inches? 
• Is the attic well ventilated? 
• Is the roof sheathing (the wood to which the shingles 
are nailed) in good condition? Are there signs of 
water damage? Check chimney area carefully. 
• Is there rust on the nails or stains of the sheathing? 
• Do any exhaust fans vent into the attic? 
• Have any structural members (such as rafters or 
trusses) been cut to allow ductwork placement? 
BASEMENT/CRAWL SPACE 
Inspect for water and insect damage. 
• Are there cottony white growths or black mildew 
stains on any wood members? Does a screwdriver or 
scratch awl penetrate the wood? 
• Are there mud tubes on wood members or founda-
tion walls? Are there piles of sawdust beneath wood? 
Small holes or channels where insects might have 
entered? 
• Is exposed earth or gravel covered with plastic? 
• Are the crawl space or basement walls insulated? 
• Are there crawl space vents? 
MECHANICAL AND ELECTRICAL SYSTEMS 
Electrical System 
Look for an electrical system to meet the buyers' needs. 
• How many amps does the system have? 
• Are there circuit breakers or fuses? 
• Is there knob-and-tube wiring? 
Heating and Cooling System 
Check the age of the heating and cooling equipment. 
• Is there rust visible inside (near the burner) of the 
forced-air furnace? Inside the water heater? 
• Are there cracks in the furnace heat exchanger? 
• Do the furnace and air conditioner heat I cool the 
house? Turn them on to check. 
• Is the boiler leaking or corroded? 
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Water problems are often seen in crawl spaces. The 
inspector looks for evidence of water damage and 
makes sure there is a ground cover on any exposed 
earth. 
Why is this so important? Water that ponds 
around the outside of the house or spills over 
clogged gutters will soon find its way into the base-
mentor crawl space. In a finished basement water 
seeping through the walls will damage the wood 
framing and the wall finish materials, or it will 
cause mildew problems. In a crawl space, water 
will evaporate and migrate through the house to 
the attic. Cold weather will cause this moisture-
laden air to cool down. The water vapor will 
change to water. If the weather is cold enough, frost 
may form on the underside of the roof sheathing 
and the sheathing will rot. Metal truss-plates and 
nails will rust. Or water will condense on uninsu-
lated metal ductwork and run down onto the ceil-
ing below. Thus, even if the roof is not leaking, 
water can still cause problems in the attic. Water 
causing problems in the attic often comes from a 
wet basement or crawl space. 
Problems Caused by Poor Ventilation. Water-re-
lated problems that occur in an attic may be made 
worse by poor ventilation. An inspector should al-
ways check to see whether there is adequate attic 
ventilation (and whether there are foundation 
vents so that a damp crawl space can dry out after 
a rain). In the attic, the inspector would suspect 
inadequate ventilation if any of the following 
were found: 
• brown or mildewed areas on the plywood 
sheathing or wood framing 
• evidence of rust on the nails 
• corrosion on truss plates 
• fungal growths on wood members 
A1.1 Inspecting the Home 
The circled drawings show how air is drawn in 
through soffit vents and how it exits through a ridge 
vent. 
Vents should be .located both high and low on a 
roof. For example, vents in the soffit (or overhang 
of the roof) and a continuous vent along the ridge 
provide a "chimney effect". Air is pulled in low 
through the soffit vents and rises to the middle of 
the roof at the ridge. This helps move the air 
through the attic. Gable vents are less effective be-
cause they depend on wind direction to pull air 
through the attic, and they are more likely to take in 
blowing snow. 
Because moisture can be such a problem in attics, 
it is extremely important that builders and owners 
avoid dumping additional moisture into the attic or 
crawl space. Inspectors should look for bathroom 
vent fans, kitchen range hoods, and plumbing vent 
stacks that stop at the attic level. After identifying 
problems, the homebuyers can begin to estimate 
the time and money needed to correct them. 
Evaluating the Results 
When an inspection is complete, the homebuyers 
look through their notes or through the 
inspector's report and make up a summary sheet. 
Problems can be divided into major problems and 
minor problems. 
For people with good hands-on skills who are 
comfortable with weekend projects, a long list of 
minor repairs may not be serious. But for those 
who have never touched a tool, such a list co:1ld be 
intimidating. Generally, minor repairs are those 
that cost less than $1,000 total, or those that the 
potential owners could do themselves. Minor 
repairs could include the following: 
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Caulking windows to improve energy efficiency is an 
example of a low-cost maintenance procedure. 
• caulking windows and doors 
• adding attic insulation 
• painting 
• fixing a kitchen faucet 
• cleaning out gutters 
• installing storm windows 
These repairs become part of the yearly main-
tenance routine for many homeowners. When 
regular maintenance is deferred year after year, 
however, the list of chores grows longer and longer. 
Homebuyers may want to balance the number of 
repair items caused by deferred maintenance with 
their time, talent, and motivation. 
More serious is the number of major repairs. 
These can cause a financial crisis for new 
homebuyers, especially those who have stretched 
Replacing a crawl-space warm-air furnace is an 
example of an expensive repair that should be 
considered when evaluating the potential 
maintenance costs of a new home. 
PageS 
their financial resources to accumulate a down pay-
ment to purchase the home. Major repair items in-
clude the following: 
• replacement windows 
• need for a new roof 
• a new furnace or air conditioner 
• a new electrical service 
• a very leaky basement 
• any major structural problem 
Having to make any of these repairs soon after 
purchasing a home might entail an expense of 
$1,000 to $5,000 or more. The safest approach is for 
the homeowner to list the major and minor repair 
items separately and then talk with friends who are 
familiar with construction prices in the area. 
Conclusion 
Discovery of major problems may mean that the 
homebuyers offer less to the seller-if the problems 
are discovered before the offer is made. If a profes-
sional horne inspector discovers these problems, it 
may be possible to void the contract or renegotiate 
the price offered. The American Society of Home 
Inspectors (ASHI) can provide a list of profes-
sionals who belong to their organization. Their 
address is 3299 K St. NW, Seventh Floor, 
Washington D.C., 20007. 
Homebuyers must carefully evaluate the asking 
price, the price of comparable homes (especially 
those with fewer problems), and their own financial 
resources. For many, the opportunity to buy a 
"fixer-upper" in a good neighborhood may warrant 
the expense of the anticipated repairs . A good 
decision is based on knowing all the facts about the 
home's condition. 
For more information on current 
housing topics, subscribe to "Council 
Notes," a quarterly series from the 
University of Illinois Small Homes 
Council-Building Research Council. 
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Financing the Home 
The purchase of a home is 
the largest single investment 
you make in a lifetime. 
Housing costs account for 
the largest single monthly 
expense in your budget. 
This circular can help you 
plan a realistic budget for 
purchasing a home. And, it 
will show you how to shop 
for a mortgage. 
2 
COSTS SHOULD FIT YOUR BUDGET 
In the past, a house was a good hedge 
against inflation. You could deduct prop-
erty tax and interest on the mortgage 
from federal income tax. Equity grew as 
you paid off the mortgage. One mort-
gage looked pretty much like any other. 
Most mortgages were fixed-rate, and in-
terest rates were low. 
Today, however, this has all changed. 
Today's buyers are finding that the many 
new kinds of mortgages can be confus-
ing. Financing options vary from lender 
to lender, and housing costs are higher 
than in the past. 
Buyers today must pay close attention 
to up-front costs, monthly payments, 
and the details of the mortgage agree-
ment. You must know how to establish a 
budget to determine whether you can af-
ford to buy a home. You need to under-
stand the costs of home-ownership and 
the procedures involved in financing a 
home, including shopping and applying 
for a mortgage, types of mortgages, and 
closing on a loan. 
HOW MUCH CAN YOU AFFORD? 
Buying a house involves a thorough ex-
amination of your financial resources. Be-
fore starting to search for a house, you 
should have a rough idea how much you 
can afford to pay. This will save time and 
effort since you won't be tempted to look 
at houses you can't afford. 
In the past, lenders used the following 
"rules of thumb" to determine how 
much buyers could afford: 
The purchase price of the house could 
not exceed two and a half times their 
annual income. 
Monthly housing costs could not exceed 
25 percent of net (after tax) monthly income. 
However, these guidelines were con-
ceived of years ago at a time when home 
prices, interest rates, and utility costs 
were comparatively low. They do not 
take into account family size, existing 
short- and long-term debt, amount of 
savings, equity in your present home, or 
today' s varying interest rates. Thus, the 
conventional guidelines only provide a 
"ballpark figure" for estimating your bor-
rowing capability. 
The best way to determine how much 
to spend for housing is to compare your 
monthly income with monthly long-term 
obligations and expenses. Use the work-
sheet, "Evaluating Financial Resources," 
on pages 4 and 5 to determine how much 
money to invest in housing. Be honest 
with yourself. Do not commit more in-
come than you can definitely count on. 
Exclude unreliable income from over-
time employment. 
You may be willing to make sacrifices 
in your entertainment, car, or clothing ex-
penses to be able to buy the house you 
want. In the end, however, the lender 
The size of your down payment makes a big dif-
ference in how much you pay over the life of 
your loan. You may be able to get a lower inter-
est rate by putting more money down. 
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Housing costs are greater today 
than they were years ago. Mortgage 
payments are larger. Taxes, utili-
ties, and other expenses add to the 
cost of housing, taking a larger 
portion of the consumer's dollar. 
• housing expenses 450/o I • 
will determine the maximum amount 
you should commit to housing when 
you apply for a loan. 
The lender is usually looking for two income 
ratios as they evaluate your loan application: 
A. A house payment not exceeding 25 to 
28 percent of income. Included in this per-
centage is the money that will be spent for 
taxes and insurance. (You may hear some 
lenders call this Pill-principal , interest, taxes, 
and insurance.) 
A. Total obligations for the mortgage pay-
ment, taxes, insurance, and long-term debt 
not exceeding 33 to 36 percent of gross 
monthly income. 
These ratios are established on the 
basis of the applicant's gross, verifiable 
monthly income. Your lender will ulti-
mately want you to have your employer 
send a letter verifying your employment. 
MONTHLY INCOME 
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HOME OWNERSHIP COSTS 
In addition to the monthly mortgage pay-
ment for principal and interest, there are 
other costs of home ownership. 
Predictable Costs 
Some of these predictable costs can be in-
cluded in your monthly budget, but you 
must first know what they are. 
Property Taxes. Tax rates on real prop-
erty vary. Find out the rates from your 
local officials. Taxes are paid on the cur-
rent value of the home. When a house is 
sold, the property tax may rise if you pay 
a great deal more than the previously 
assessed value. 
Property Insurance. The lending institu-
tion holding the mortgage will require 
insurance in an amount sufficient to 
cover the loan. However, to protect the 
full value of your investment, you 
should consider purchasing insurance 
that provides the full replacement cost if 
the home is destroyed. Some insurance 
only provides a fixed dollar amount 
which may be insufficient to rebuild a 
badly damaged house. 
Mortgage Insurance. Two types of 
mortgage insurance are available. One 
type pays the balance of the loan if the 
borrower dies. The second type protects 
the lender from loss if you fail to make 
payments. This insurance is required on 
loans where the down payment is less 
than 20% of the mortgage amount and 
may be required on any loan, depending 
on the Jender. 
Utilities. These include gas, electricity, 
water, sewer, and telephone. Obtaining 
utility bills from previous owners will 
help you estimate this expense. 
Unexpected Expenses 
Regular expenses are predictable. It's the 
unexpected expenses that cause trouble. 
You should budget a small amount every 
month to be set aside for emergencies. 
Maintenance and Improvement. You 
should set aside 1 percent of the value of 
the house per year to cover maintenance. 
This figure can be higher for older homes. 
Home Furnishings and Other Expenses. Ap-
pliances, carpeting, and furniture may 
add to your expenses. Also, add in fees 
for snow removal, trash collection, cable 
television, and condominium 
associations. 
Moving Expenses. When moving into a 
new house, plan for any redecorating ex-
penses as well as for the cost of the move 
itself. You may have expenses for getting 
your phone connected, and one-time ser-
vice fees for other utility hook-ups. 
HOW MUCH HOUSE WILL THIS BUY? 
Having developed a budget, estimate the 
amount you can spend for a mortgage. 
The Payment Tables on page 6 show 
monthly payments for principal and in-
terest. In addition, set aside money for 
Financing the Home 
Evaluating Your Financial Resources 
Step 1:'Determine Net Monthly Income 
Gross Monthly Income 
• Gross base pay 
(all wages and salaries other 
than overtime) ........... + $ ______ _ 
• Net Profit 
(from business) ....... . .. + $ ______ _ 
• Interest and dividends . . . . . . + $ ______ _ 
• Other income ........... . .. + $ ______ _ 
I 
Total gross income II 
~-_____ (_a_dd_) ____ =_$_-_-_-_-_-_-_-_-_-_-_-_-_-_-_~ +$ ______ _ 
Deductions 
• Income tax 
(federal, state, and local) .. - $ ______ _ 
• Social Security/retirement .. -$ _ _____ _ 
• Insurance 
(life, health, property) ..... - $ ______ _ 
• Other (charities, etc.) .... . .. - $ ______ _ 
Total deductions II 
~-----------(a_d_d_) _=_$_-_-__ -_-_-_-_-_-_-_-_~ -$ ________ _ 
1 Total take-home pay I 
~---S_u_b_tr_ac_t_d_e_d_u_c_ti_on_s_f_ro_m_in_c_o_m_e ______ =_$_-_-_-_-_-_-_-_-_-_-_-_-~ +$ ______ _ 
Step 2: Figure Long Term Monthly Obligations (in excess of 11 months) 
• Installment payments on car, 
furniture ................ $ _______ _ 
• Other debt, over 11 months .. $ _______ _ 
I Total long-term debt 
(add) =$ ______ _ 
2 Subtract long-term debt from total take-home pay. Bring forward the number from Step 1. 
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Step 3: Monthly Nonhousing Expenses 
• Food, beverages 
(home and work) ......... + $ _______ _ 
• Transportation/ auto expenses+ $ _______ _ 
• Education .. ................ +$ _______ _ 
• Medical/ dental care ........ + $ _______ _ 
• Clothing and grooming ...... + $ _______ _ 
• Insurance (life and health) ... + $ _______ _ 
• Child care .................. + $ _______ _ 
• Gifts and charity ............ + $ _______ _ 
• Entertainment and recreation + $ _______ _ 
• Savings .................... +$ _______ _ 
• Other ..................... + $ _______ _ 
Total monthly non-housing 
expenses (add) = $ _______ _ 1-$_ 
3 Subtract non-housing expenses from total of I ~---S_te_p_2_·--------------------------~ =$ __________ _ 
Step 4: Estimate Monthly Housing Expenses 
• Proposed mortgage payment + $ _______ _ 
• Allowance for property taxes + $ _______ _ 
• Allowance for utilities 
(heat, water, phone, 
electricity ............... + $ _______ _ 
• Allowance for maintenance, 
furnishings .............. + $ _______ _ 
• Allowance for insurance . . . . + $ _______ _ 
4 Total monthly housing 
expenses (add) = $ 
Step 5: Compare 
Compare estimated monthly housing expenses (Step 4) with income available (Step 3). If income available from Step 3 
does not equal or exceed monthly housing expenses, then you must re-evaluate your budget and resources. 
Total from 
Step3 
5 
> Total from Step3 
Financing the Home 
The payment tables give you the 
monthly payment for each $1,000 
borrowed. To figure out how much 
per month your mortgage pay-
ments will be, multiply by the 
number of thousands you will bor-
row. 
If the interest rate is 13%, and the 
loan lasts 25 years, you see that 
the monthly payment amount per 
$1,000 is $11.28. If you want to bor-
row $68,000, you would multiply 
68x11.28=$!67.04. This gives you 
the amount of the monthly 
payment. 
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the down payment, taxes, insurance, util-
ities, maintenance, and improvement. 
The budget allowance is not a "true" 
budget allowance, however, since own-
ing a home can have significant tax ad-
vantages. An accountant can help you as-
sess the tax benefits of home ownership. 
Mortgage Loan Criteria 
Even if you are convinced you can afford 
the house of your dreams, the lender 
makes the final decision. Each lending 
institution establishes its own guidelines. 
Lenders generally consider several fac-
tors before approving a loan. 
Monthly Income. This is an obvious start-
ing point, but it includes more than the 
breadwinner's paycheck. The spouse's 
paycheck must be added in by law. If a 
spouse plans to quit work, including that 
income in the loan application would be 
a mistake. Alimony, child support, part-
time employment, and all other steady 
sources of income must be included. 
If your income is low, but you are buy-
ing an energy-efficient home, your 
lender may be able to help you qualify 
for a loan anyway. Buyers can qualify 
through a federal program called the En-
ergy Addendum financing program. The 
program allows an increase of 2 percent 
in the debt-to-income ratio that is used to 
determine a family's eligibility. 
Employment. How long the borrower 
has had the same job is as important, 
from the lender's point of view, as is the 
type of work performed. Steady work 
and the likelihood of future increases in 
income are also important. 
Credit. Above all, the lender wants to 
be convinced that the money borrowed 
will be paid back. The ability to repay a 
loan is best proven by past experience in 
doing so. 
Debt and Net Worth . Most lenders set a 
limit of 36% of gross monthly income to 
be used for all installment debts (includ-
ing PITI) lasting longer than 11 months. 
Purchasing and Related Housing Costs. 
The borrower must have the money 
needed for the down payment and the 
closing costs. 
The House. The lender is concerned 
about the age and condition of the house 
and the quality and character of the 
neighborhood. Is it a good investment? 
Could the lender sell the home for the 
amount of the loan if the buyer defaults? 
Lenders look at the long-range value of 
the home as they consider whether they 
should invest in the property. 
Down Payment Sources. Lenders also 
want to know where you are getting the 
money for your down payment. You 
may have to prove the money came from 
a savings account or life insurance 
policy. Loans from relatives are con-
sidered part of your overall debt and are 
not allowed as part of a down payment, 
unless the relative is willing to co-sign 
the loan. 
Payment Tables 
f---
(Monthly payment for each $1,000 borrowed) 
-
Int. Rate 5 yrs. 10 yrs. 15yr_s._ 20 yrs. 25y~ 30 yrs. 
-
8% $20.28 $12.13 $9.56 $8.36 $7.72 $7.34 
9% $20.76 $12.67 $10.14 $9.00 $8.39 $8.05 
10% $21.25 $13.22 $10.75 $9.65 $9.09 $8.75 
11 % 21.74 $13.78 $11.37 $10.31 $9.80 $9.52 
12% $22.24 $14.35 $12.00 $11.01 $10.53 $10.29 
13% $22.75 $14.93 $12.65 $11.71 $11.28 $11.06 
14% $23.27 $16.13 $14.00 $13.17 $12.81 $12.64 
15% $23.79 $16.13 $14.00 $13.17 $12.81 $12.64 
16% $24.32 $16.75 $14.69 $13.91 $13.59 $13.45 
17% $24.85 $17.38 $15.39 $14.67 $14.38 $14.26 
18% $24.39 $18.02 $16.10 $15.43 $15.17 $15.07 
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7 
STEPS IN HOME BUYING 
After selecting a home, you will make a 
purchase offer and give the seller a good-
will deposit. This indicates you are seri-
ous about following through on the offer, 
and the seller is entitled to keep your 
money if you get cold feet and back out 
of the deal. 
Signing A Contract 
A contract of sale is the legal document 
which binds the seller and the buyer to 
an agreed-upon price. The contract in-
cludes all provisions important to both 
buyer and seller. 
The contract should be drawn up or 
examined by an attorney familiar with 
local real estate. Make sure you under-
stand every clause of the contract before 
you sign it. 
This contract, or sales agreement, 
states the terms of the sale. It describes 
the property, the price, the date of clos-
ing, adjustments to be made at closing, 
special conditions of the sale, and fur-
nishings or appliances included in the 
sale. Verbal agreements should be put in 
writing and included in the contract. 
The goodwill deposit, or earnest 
money, is an amount adequate to demon-
strate serious intent to buy. You may 
wish to state contingencies which will 
void the contract without the loss of the 
deposit. Failing to obtain financing is an 
example of such a contingency. Another 
contingency that is often specified is that 
the house receive a favorable inspection 
from a certified home inspector. (See Cir-
cular Al.l Inspecting the Home.) 
Your deposit is held in escrow by the 
broker or attorney until the closing, 
when it is applied to the down payment. 
The lender sets up an escrow account to 
hold your earnest money; you cannot 
take the money back without the 
lender's approval. Should you decide 
not to go through with the sale, although 
all terms of the purchase offer have been 
met, you forfeit the deposit to the seller. 
If you are purchasing a new house, 
the contract should state that the builder 
promises to build a house, on a specific 
piece of land, by a certain date. (See Circu-
lar A2.0, Hiring Designers & Builders.) 
Selecting A Mortgage 
Most people cannot pay cash for a 
home. They make a cash down payment, 
ranging from 5 to 50 percent of the pur-
chase price, and obtain a mortgage for 
the remainder. A mortgage is a legal agree-
ment between the home purchaser and 
lender that pledges the buyer's property 
as security for the loan. 
To determine whether a mortgage is 
acceptable, you should know several 
things that affect the overall cost of bor-
rowing. These are the principal, the rate 
of interest, the repayment period, equity, 
the points, and other closing costs. 
The principal and interest make up the 
monthly payment. The principal is the 
amount borrowed, or the amount of the 
loan, and represents the difference be-
tween the cost of the house and the 
down payment. 
The interest is the charge made by 
the lending institution for lending the 
money, and is usually stated as an APR 
or annual percentage rate, such as 12.5 per-
cent or 14 percent. 
The repayment period is the number of 
years to repay the loan, such as 20 or 30 
years. As you pay off principal, you 
build up equity or ownership. Your eq-
uity also increases if the value of the 
home increases. Building equity andre-
ducing debt through payments of princi-
pal and interest is called amortization. 
In considering mortgages, remember: 
A The greater the down payment, the 
greater your equity in the property and the 
less you will have to borrow. The result is 
that your total interest costs drop. Also, a 
larger down payment lets the lender set a 
lower interest rate since the risk is reduced. 
A Don't use all of your funds for a down 
payment, since money will be needed for 
closing costs and moving expenses. 
A Conditions in the market affect interest 
rates. Shop for the best rate (there will be dif-
ferences among lenders) since half a percent 
can make a great difference on a 20-year 
loan. Keep in mind, though, that the lowest 
rate doesn't automatically mean the best 
deal. Also, compare other costs lenders 
may charge when granting a mortgage. 
A Since interest is paid only on the outstand-
ing portion of the loan, earlier in the life of 
the mortgage, you pay more on the interest 
than on the principal. Later, it's the other 
way around. 
Financing the Home 
Making a large down payment 
lowers the amount of interest paid 
over the life of the mortgage. You 
may also be able to get a lower 
interest rate. 
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The length of the repayment period af-
fects the monthly payment and the total 
interest costs. A longer repayment period 
results in a smaller monthly payment but 
a higher total interest cost. Recently, 15-
year fixed-rate mortgages have become 
more popular. While you quickly build 
up home equity, your monthly payments 
are higher. 
Reading the Fine Print 
Check to see if the mortgage has a prepay-
ment privilege which allows the borrower 
to repay all or part of the mortgage in ad-
vance without penalty. A due-on-sale 
clause provides that the loan balance 
must be paid off if the home is sold. 
The Truth in Lending Act requires that 
lenders disclose the annual percentage rate 
of interest, or APR, to borrowers. This 
statement also estimates the amount of 
interest paid on the principal over the 
lifetime of the loan. In many cases the in-
terest paid on the loan will be greater 
than the original mortgage amount. Be-
cause the interest is such a large portion 
of the lifetime housing costs, be sure to 
compare overall interest charges before 
deciding which mortgage to accept. 
The Equal Credit Opportunity Act 
makes it illegal for a person to be refused 
credit because of sex or marital status. 
There are two other mortgage terms 
you should recognize. The Acceleration 
Clause refers to a provision in a mortgage 
that requires the unpaid balance of the 
loan to become due immediately if the 
regular mortgage payments are not 
made or if terms of the mortgage are not 
met. Late charges will be assessed if pay-
ments are not made on time. 
FINANCING ALTERNATIVES 
Until recently, most mortgages had fixed 
monthly payments (FRMs), a fixed inter-
est rate, and full amortization (gradual 
debt reduction through monthly payments) 
over a period of 20 to 30 years. However, 
in the last 10 years, lenders have come 
up with a variety of financing alterna-
tives that may help you buy a home you 
otherwise could not afford. 
These new options include bridge loans 
that can give you financing to cover 
mortgage payments for 6 months to a 
year while you try to sell you old house. 
You can also ask about shared equity loans 
that let a relative or investor help you 
make the down payment. Some lenders 
will speed up the application procedures 
if you have borrowed mortgage money 
from them previously. This can be a big 
help if you move frequently. 
Lenders are even discussing a new 
type of loan that would permit negative 
amortization. When negative amortiza-
tion occurs, your monthly payments do 
not reduce the loan amount. Payments 
are all applied to paying interest on the 
loan. The size of the loan may even grow. 
While these newer mortgage alterna-
tives may involve some risks (and addi-
tional costs), they give buyers greater flexi-
bility. Before making a decision on which 
kind of loan to use, make sure you read 
all the fine print in your loan agreement. 
THE LANGUAGE OF LOANS 
There are some other important terms to 
understand before you talk to your 
lender about mortgages. 
A conventional loan is made strictly be-
tween you and a private lender with no 
other backing, such as government 
insurance or guarantee. 
An insured loan is a loan insured by 
FHA, VA, FmHA or a private mortgage 
insurance company. Each of these gov-
ernment bodies guarantees the lender 
payment, even if the buyer defaults on 
the loan. There are significant differences 
between the programs. 
An assumable mortgage is one in which 
the buyer takes over the payments on the 
seller's old mortgage and pays the seller 
the difference between the selling price 
and the remaining loan balance. (Not all 
mortgages are assumable and most new mort-
gages are written today with a nonassumable 
clause.) 
A second mortgage, one in which the 
lender has secondary rights to the prop-
erty, may be obtained to make up the dif-
ference on an assumption. 
You will also hear lenders refer to 
points. One point is equal to 1 percent of 
the loan amount. Lenders may charge 
1,2, or 3 points as an extra up-front cost-
in addition to the down payment. The 
more points you pay, the lower your in-
Building Research Council 
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terest rate will be. You may even be able 
to finance the points. 
A loan for land contract is a sales con-
tract that lets the seller retain title to the 
property until the buyer has paid the 
seller the full purchase price. The buyer 
makes the down payment and monthly 
payments to the seller with no involve-
ment of the lending institution. 
People who have owned their home 
for a long time, and who live in an area 
where home prices have risen rapidly, 
may find a home equity loan appealing. 
The lender obtains an appraisal of your 
home's current worth and will lend you 
the difference between the unpaid bal-
ance on your mortgage and the ap-
praised value. 
In reality, a home equity loan is sim-
ilar to a second mortgage. It can signifi-
cantly increase your monthly payments, 
a disadvantage if your existing mortgage 
payments are low. 
Rent with option to buy enables the 
renter to buy time to obtain a down pay-
ment. In some cases part of the rent may 
be used as the down payment. 
In financing a new home that has not 
yet been built, the lending institution 
often follows a formula allowing a cer-
tain percentage of the money to be 
loaned upon completion of each major 
"step" in construction. Make sure the 
loan will cover the essentials that may or 
may not be included in the contract 
price, such as drilling for a well or install-
ing a septic tank. 
LOAN OPTIONS 
Before you decide on financing, evaluate 
the pros and cons of the different loan 
packages. Many lenders offer more than 
one package and will give you a choice. 
Interest rates vary, but they are generally 
tied to the current lending rate set by the 
Federal Reserve Bank. The loan rate will 
vary according to the prime rate, which is 
the rate at which the Federal Reserve 
makes money available to banks. 
With these loans, the interest rate and 
monthly payments remain constant for 
the life of the loan. You are protected 
from rising interest rates, but lenders 
charge higher interest rates. If interest 
rates fall, you'll have to refinance to take 
advantage of the lower rates. These loans 
are best for buyers on fixed incomes. You 
should also consider them when interest 
rates drop below 10%. 
Adjustable Rate (ARM) 
With ARMs, the interest rate or monthly 
payment is adjusted periodically to the 
market rate. Interest rates are usually 
lower than fixed-rate loans, so you need 
less income to qualify. If interest rates 
fall, the interest rate on the loan drops 
too, but if rates rise, your monthly pay-
ments will go up. 
Interest rate adjustments can be made 
every 6 months to 3 years-it depends on 
the lender. The rate will be tied to either 
the Treasury Index or to another index, 
such as the Cost-of-Funds Index. Some 
lenders offer a conversion clause that al-
lows you to convert the loan to a fixed-
rate mortgage. These loans are good for 
first-time buyers with rising incomes. 
Federal Housing Administration (FHA) 
FHA loans charge below-market interest 
rates and have lower down payment re-
quirements. The lenders charge points, 
and the loan may require more paper 
work. You will also have to pay an addi-
tionall/2% interest to protect the lender 
from loss in case you default on the loan. 
Nevertheless, FHA loans are good for 
first-time buyers who may not have the 
20% down payment lenders require. 
Farmer's Home (FmHA) 
The Farmer's Home Administration 
(FmHA) guarantees loans of clients in 
rural areas. While many rural home-
buyers obtain FmHA guaranteed loans 
SUBSCRIBE NOW! 
Don't miss the next eight issues of 
Council Notes . Once you're on our 
subscription list, we' ll send you our 
newest publ ications as soon as they're 
printed . Publ ications are issued quar-
terly. To place an order, call : 
1-800-336-0616 
Visa and Mastercard accepted . 
Financing the Home 
The mortgage type and 
interest rate make a big 
difference in your monthly 
payments. This chart shows 
the annual income needed to 
qualify for the loan and the 
amount of monthly pay-
ments. 
through local banks, if the bank turns the 
buyer down, the buyer can apply di-
rectly to the FmHA district office. Thus, 
FmHA also functions as the lender of last 
resort. The loans work well for buyers 
with lower incomes in rural areas. How-
ever, if the buyer's income rises, FmHA 
has the right to require that loans be 
refinanced. 
Veteran's Administration (VA) 
The VA guarantees mortgages for quali-
fied veterans and surviving spouses. 
They charge below-market interest rates 
and have lower down payment require-
ments. VA lenders usually charge points 
and take extra time for paper work. But 
the Veteran's Administration does not 
charge the buyer for guaranteeing the 
buyer's loan. Veterans who are first-time 
home buyers will appreciate the benefits 
of this program. 
Monthly Payments on a $100,000 Loan 
Mortgage Int. Rate Monthly Pmt. Annual Income 
30-year 10.25% $896 $43,000 
Fixed rate 
15-year 10.00% $1,075 $51,600 
Fixed rate 
7-year 9.75% $863 $41,400 
Balloon 
ARM 8.44% $773 $37,100 
(1 year adj.) 
Rollover 10.41 % $905 $43,400 
(10 year adj.) 
30-year *10.66% $705 $33,800 
Grad.pmt. (GPM) 
* Actual loan rate ; income and monthly payments based on first-year rate of 7. 5% 
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Seller Financing 
Sellers who do not need the full cash 
value of their property may also help fi-
nance the purchase. They can provide all 
or part of the loan, and they, not the 
bank, hold the deed of trust. If you fail to 
make your payments, the seller is enti-
tled to reclaim the property. These loans 
are attractive for buyers who cannot 
qualify for other financing. 
Sellers usually want to place a limit 
on the amount of time their money will 
be tied up. They may ask for a balloon 
payment in 3 to 5 years. This means the 
buyer must find another method of 
financing when the time period expires. 
If the buyers still cannot qualify for a 
loan, they risk losing the house. How-
ever, buyers with rising incomes who ex-
pect to move before the balloon payment 
is due or who plan to refinance may find 
balloon payments a better option than 
passing up the house they really want. 
Blended (Wrap Around) 
An existing assumable loan is combined 
with a new loan, resulting in an interest 
rate somewhere between the rate on the 
old loan and current market rate. This 
gives a lower interest rate and fixed 
monthly payments, but the seller, not the 
institution, holds the deed of trust. This 
type of loan is suitable for all buyers, but 
may not be available everywhere. 
Graduated Payment (GPM) 
Payments increase a set amount each 
year for the first 5 to 7 years, then level 
off. The loan requires less income to 
qualify, and you can plan ahead for in-
creases. However, these loans cost more 
over their lifetime, and if the house is 
sold after the first few years, you may 
owe more than the original mortgage 
amount. First-time buyers with rising in-
comes (who don't expect to move soon) 
could find these loans attractive. 
Growing Equity (GEM) 
The monthly payment increases annual-
ly, but increases are applied to the loan 
principal. The loan term lasts half as long 
as other mortgages, and you can build 
equity sooner. On the down side, your in-
come must keep pace with payment in-
creases. This type of loan is good for 
buyers with rising incomes. 
Shared Appreciation (SAM) 
These loans allow the buyer and lender 
to share in any increase in the value of a 
property. Interest rates are below-market, 
and monthly payments are lower. If the 
home's value goes up, the total cost of 
the loan jumps. But if the home's value 
does not rise, you may still owe the 
lender for the projected increase. This 
might force you to refinance at higher 
Building Research Council 
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rates. The loan could help first-time buy-
ers and b.uyers with lower incomes. 
Renegotiable Rate (Roll-over) 
The interest rate and monthly payments 
are constant for several years, but 
changes can occur at some specified 
time. If interest rates are higher at the 
time the loan rolls over, you could face 
higher monthly payments. However, 
since the time period is generally longer 
than the same time period in adjustable-
rate mortgages, you do get greater stabil-
ity in your payments. Buyers with rising 
incomes could consider roll-overs. 
COMPARING MORTGAGES 
Once the sales agreement is signed, the 
next step is to shop for financing. (Actu-
ally, it's a good idea to have done some pre-
liminary checking to see if money is available 
and if you qualify, prior to making a pur-
chase offer.) Some of the sources for ob-
taining a loan include savings and loans, 
commercial banks, savings banks, credit 
unions, mortgage bankers and compa-
nies, insurance companies, union trust 
funds, state government finance agen-
cies, employers, and home-sellers. 
There is a great distinction between 
the price of a house and its total cost. 
Total cost over the years is influenced by 
mortgage interest rates. A half-percent 
difference in interest rates adds up, over 
the length of a loan, to a sizeable amount 
of money. Don't be afraid to bargain. 
When evaluating a loan, ask these questions: 
• What is the required down payment? 
• What is the monthly payment and interest 
rate expressed as the "annual percentage 
rate" or APR? 
• How often can they change? 
• Are there limits (caps) on the interest rate 
or monthly payment charges? How will the 
new interest rate or payments be calcu-
lated? 
• What is the margin? This is the spread 
between the index used on an ARM and 
the borrower's new interest rate . 
• What options are available to deal with 
changes in the interest rate (increase monthly 
payments or extend the term of the loan)? 
• Could the amount you owe increase 
above the original loan (giving you a loan 
with negative amortization)? 
• What is the length of the mortgage? Will 
you have to refinance the mortgage after a 
few years? 
• Ask what the highest possible payment 
would be. 
• Find out if the loan can be converted from 
an ARM to a fixed-rate loan in the future . 
• Ask what the discount points and closing 
costs are going to be, and whether they 
can be included in your loan financing or 
whether you will have to pay for them at 
the time of closing. 
• Check for prepayment penalties, call op-
tions, due-on-sale clauses, and any other 
penalties. 
Finally, ask yourself if you are pre-
pared to meet all contingencies that 
might occur over the life of the loan. 
Applying for the Loan 
After shopping around and finding a 
mortgage, the next step is to submit a 
loan application. If the application is 
approved, a letter of commitment will be 
sent outlining conditions of the mort-
gage and authorizing the go-ahead on 
the sale of the property. You will have to 
document your sources of income, credit 
card balances, and payments for other 
installment loans. 
Once the lender gives you a letter of 
commitment, you are locked in to the 
loan rate stated on that letter. If the 
interest rate rises, you are protected 
from further increases; however, if rates 
fall slightly, you are not entitled to the 
lower rate. 
Failure to make mortgage payments 
on time, as agreed to in the mortgage 
note, can lead to serious problems. If a 
payment is late, the mortgage is delin-
quent. If the payment is 30 days late, the 
mortgage is in default, and the lender 
may have the right to start foreclosure 
proceedings. If you believe you may 
have difficulty making payments on 
time, let the lender know of your prob-
lems. Usually, arrangements can be 
worked out with the lender. 
Financing the Home 
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THE CLOSING 
The final step in the home buying pro-
cess is the closing or settlement. This is a 
meeting between the buyer and seller, 
representatives of the lender, the real es-
tate broker, and attorneys. The exchange 
of the title to the home takes place at this 
meeting when the seller passes the prop-
erty deed to the buyer. In addition, all fi-
nancial transactions involved in the sale 
are completed at the closing. 
Closing a real estate transaction is a 
complex and costly process. Costs can 
often be reduced by negotiating with the 
seller to share costs. You should also com-
pare attorneys' fees and lending fees. 
Closing Costs 
Settlement and closing costs vary from 
one lending institution to another. 
Among the reasons are differences in 
local real estate practices and loans, the 
possibility of splitting costs between the 
buyer and the seller, the type of mort-
gage obtained, and the efforts of the 
buyer to successfully "shop around" for 
lower closing costs. 
The Real Estate Settlement Procedures 
Act (RESPA), a federal statute, helps pro-
tect the buyer at settlement. Lenders are 
required at the time a borrower applies 
for a loan to provide a good-faith esti-
mate of the costs of settlement services 
and a copy of a booklet entitled Settle-
ment Costs and You! 
If you request it, the lender will give 
you a uniform settlement statement one 
business day before closing. Check the 
statement carefully for accuracy. 
These are some of the expenses that will be fig-
ured into the final closing costs: 
.& Prorated property taxes (That portion of the 
taxes already paid by the seller must be reim-
bursed to the seller at closing); 
.& Title search and insurance fees (for 
examining the title to the property to verify clear ~ 
ownership); ~ 
.& Attorney's fees; 
.& Origination or application fee of the 
lending agency; 
.& Engineer's survey to establish exact 
property lines; 
.& Appraisal fees; 
.& Credit report fees; 
.& Points charged by a lending institution to 
increase profit on a mortgage. The lower 
the interest rate, the higher the number of 
points charged (one point equals one percent 
of the mortgage loan); 
.& Escrow fees paid to the lender to be held 
for taxes and insurance; 
.& Hazard homeowner's insurance premium; 
.& State and local transfer taxes; 
.& Interest may have to be prepaid on the 
mortgage from the date of settlement to the 
beginning of the period covered by the first 
monthly payment; 
.& Mortgage insurance premiums for private 
mortgage insurance if the loan requires it. 
Your closing statement may also in-
clude fees such as notary and recording 
fees, revenue stamps, termite inspection, 
reserves for future recurring expenses 
such as hazard insurance and property 
taxes, and other incidental expenses. 
Any fee you are charged should be speci-
fied. Shop as carefully for financing as 
you did for the house. 
Keep the following in mind: 
.& Don't use yesterday's assumptions about 
today's real estate market. 
.& The key is affordability. Consider your 
total housing costs, including loan pay-
ments (now and in the future), maintenance, 
property taxes, and anticipated income 
changes. 
.& Look into several sources of financing. 
.& Ask questions. 
.& Negotiate with the seller or lender. Better 
terms may be available than those initially 
offered. 
.& Seek legal advice throughout the home 
buying process. 
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MAINTAINING 
THE H OME 
Small Homes Council-Building Research Council 
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The homeowner has long strived for the "maintenance-
free" house. Unfortunately, even with the many material 
advances made during the last few years, the goal of the 
house that will take care of itself has not been achieved. 
New materials and finishes have given prolonged life to 
many items that make up the house, but even these will 
require maintenance at some point during the ownership 
of the house. There is also some question as to whether 
the homeowner really wants to have a product that will 
never need replacement. Obviously, appliances and 
mechanical systems become obsolete during the life of the 
house and warrant replacement even though they are not 
"worn out." There is also considerable evidence that 
many housewives desire change just for the sake of 
change and will replace or refinish many items long 
before replacement or refinishing is needed. One example 
may be cited-a plastic-faced wall surface requires min-
imum maintenance, but the cost cannot be justified if the 
homeowner is going to change interior colors before the 
material has reached the end of its useful life. 
Higher quality materials have a direct effect on the 
amount and frequency of maintenance, which, of course, 
directly affects the cost of maintenance. When the 
homeowner is selecting a product, he should consider 
both the initial cost and the anticipated maintenance 
costs. For example, plastic-surfaced window sash or 
siding will cost more, but the savings in painting costs 
may more than offset the initial cost. 
Unfortunately, the homeowner usually does nothing 
about maintenance until failure or malfunction occurs. In 
some instances, he is justified in doing so. However, 
preventive maintenance ordinarily will extend the life of 
equipment and materials a~d will generally be less ex-
pensive than replacement after failure. 
Spring is a good time to make a thorough maintenance 
inspection of the house for several reasons. First, winter 
weather conditions may cause deterioration or failure in 
building materials and joint sealants. Second, spring is a 
traditional clean-up time and, following a period of 
general inactivity, the homeowner is "in the mood" to "do 
something around the house." Fall is another good time 
to schedule a maintenance inspection, particularly if the 
summer weather has been severe. Seasonal equipment re-
quires inspection, lubrication, and repair. Also, special in-
spections should be made after severe winds, rains, ice, 
and snow storms. 
The purpose of this publication is to cite examples and 
general areas where home maintenance is needed and to 
present an organized program for inspection. 
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STRUCTURAL MAINTENANCE 
Water is the cause of more premature failure and 
deterioration of building materials than any other single 
fac~or .. The pene~rati~n of water (whether it be as a vapor, 
a .hqmd, .or as Ic~) mto the structure can cause paint 
failure, discoloration, decay, foundation failure, mason-
ry cracking, and many other problems. Water can come 
from the exterior as rain or snow, from below the house 
as either liquid or vapor, or from within the house as 
vapor produced by family activities. It is most important 
that the house be checked thoroughly for all symptoms 
of moisture damage. 
Foundation 
Inspect the perimeter of the house annually for termite 
tubes, damage to wood, and other signs of subterranean 
termite infestation. If the house is on a crawl space or 
basement, the examination should include the inside sur-
faces of the foundation and the floor framing. More fre-
quent observation may be desirable if you are in an area 
of significant termite infestation.* 
The ground around the house should be graded so that 
there are no low places or "pockets" where water can col-
lect against the foundation. Settlement of the soil fre-
quen~ly. occurs aroun~ ne~ construction due to improper 
backfillmg. Water which IS allowed to stand against the 
foundation walls can seep into the basement, crawl space, 
or under-slab air ducts. 
Basement walls should be examined from the inside 
for signs of dampness or water stains. There are some 
materials available to repair basement walls from the in-
side; however, any serious water penetration will have to 
be repaired from the outside. This is a major undertaking 
and should be done by a qualified waterproofing com-
pany. 
Doors and Windows 
In~pect all doors, windows, and related trim for paint 
failure. Look for cracked or loose caulking around frames 
and trim. All glazed openings should be checked for 
damaged glass and for loose or missing putty. Where re-
placement is required, use a modern glazing compound 
rather than putty. Loose or missing putty will permit 
water to enter and cause decay of wood sash. 
Inspect insect screens. Screens accumulate dirt and in-
sects and should be brushed, washed, and rinsed. 
Door locksets, door closers, hinges, window 
operators, and all other moving parts should be checked 
for adjustment and smooth operation and lubricated as 
required. Floor tracks of sliding doors should be cleaned 
and waxed. 
Storm windows should be cleaned and installed in the 
f~ll. Storm windows (or insulating glass) are important 
smce they reduce or eliminate condensation on the inside 
surface of glass. Condensation on windows can run down 
and ruin the finish on or cause decay of wood window 
sash and sills. Weatherstripping of doors and windows 
should be checked for damage and fit. 
*Drywood termites are common only in Southern and Western 
coastal ~reas, and a~ infestation may occur in any part of the 
house, smce the tenrutes do not require any contact with the soil. 
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Exterior Walls 
Since masonry is a brittle material, it is particularly sus-
ceptible to damage from the freezing of water which is 
able to penetrate the wall. Therefore, any cracks or loose, 
crumbling mortar joints should be repaired immediately. 
All painted surfaces should be checked thoroughly for 
paint failure (peeling, crazing, cracking) and normal 
wear. Spot painting should be done as required. The 
length of time between repainting will vary considerab-
ly with the type of paint used, the method of application, 
and the exposure of the surfaces. Due to the variables of 
exposure to the elements, it is quite possible that only a 
portion of the house will need repainting at any one time; 
for example, the south or west walls in a climate where 
the sun is intense. Repainting before it is necessary may 
not be good for the house since an excessive build-up of 
paint can cause peeling failure.* 
Window sills, especially, are subject to severe exposure 
from the elements. Normally, soffits will not need repaint-
ing as often as vertical surfaces because they are not ex-
posed to rain or sun. However, this will vary 
considerably, depending upon the protection provided 
by shade trees and overhangs. Shade provided by roof 
overhang is an important factor in preventing surface 
deterioration caused by sun and rain. 
While checking for paint failure, all wood surfaces 
should be inspected for damage (cracking or splitting, 
decay). Damaged material should be replaced and the 
condition which caused the failure corrected. Check all 
trim and siding for tightness of fit. Nails can be loosened 
by normal expansion and contraction, and may need 
resetting. 
"" One paint authority suggests that a build-up greater than .030" 
will probably cause peeling failure. 
Roof 
The roof should be inspected carefully for possible leaks. 
Usually, leaks are very difficult to locate. If there is access 
to the underside of the roof, trouble spots may be revealed 
by water stains or dampness. The roof surface should be 
checked for damaged or loose shingles. Tree branches 
which can rub against the roof should be trimmed. Also, 
inspect flashing at chimneys, at the juncture of the roof 
and vertical surfaces, and at vents and flues. The supports 
for any roof mounted equipment (TV antenna, air con-
ditioner) should be checked for damage to the roof sur-
face. 
While on the roof, antenna guy wires should be tested 
for tightness, flues and vents cleaned of bird nests and 
other obstructions, and the area inspected for other main-
tenance problems that may occur. The condition of 
masonry chimneys is of particular concern, including 
mortar joints, caps, and washes. 
Blocked gutters and downspouts are a major cause of 
paint failure and decay of the fascia and soffit. When gut-
ters or downspouts become clogged, overflowing water 
will find its way to joints in fascias and soffits. Accumula-
tions of leaves will wick water out of the gutter onto the 
roof, roof sheathing, and fascia . Therefore, gutters, gutter 
strainers, and downspouts should be periodically 
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cleaned of leaves and debris. Gutters receive severe ex-
posure and are likely to require annual painting or spot 
painting. New galvanized surfaces present problems in 
obtaining paint adhesion. Extensive surface preparation 
and a special primer paint are required. Factory primed 
or painted gutters are recommended if a painted surface 
is to be used. 
On flat roofs, the joints between lengths of the metal 
gravel stop at the roof edge pull loose due to expansion 
and contraction of the metal. These joints will have to be 
resealed periodically. 
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Interior Surfaces 
Since the interior surfaces of the house are not usually 
subject to the effects of the elements, most maintenance 
becomes a matter of repairing and refurbishing the 
results of normal wear and tear. However, in nouses 
where excessive moisture is present, extensive damage 
can occur. Also, in climates where there are long periods 
of low humidity, excessive dryness can cause shrinking 
and splitting of some material, and loosening of glue 
joints. 
In some cases, a humidifier or a dehumidifier is use-
ful to regulate the moisture level. However, due to the 
variations in the living habits of each family, careful 
analysis of moisture problems should be made before 
using such equipment. 
All painted and natural-finished surfaces should be in-
spected for coating failure and damage. Flooring 
materials should be checked for wear and damage, par-
ticularly where one material meets another (carpet to 
resilient flooring, or carpet to wood). Normally, carpet is 
installed slightly higher than the adjoining material be-
cause it is thicker, thereby causing premature carpet wear 
at these locations. Such areas should be protected by a 
metal or plastic edging. Doors dragging on the carpet will 
cause wear patterns. 
Grouting and caulking in joints in damp or wet loca-
tions should be inspected for damage or failure. Check 
particularly the caulking between the bathtub and the 
wall and the caulking around sinks and lavatories which 
are built into counter tops. Some types of caulking be-
come brittle with age, and therefore useless as a water 
seal. New caulking in such locations should be a long-
lasting resilient material such as silicone or latex sealant. 
MECHANICAL SYSTEMS 
For many maintenance operations, it is necessary to know 
certain basic information before repair work can begin. It 
is difficult or impossible to repair a leaking faucet when 
you do not know where the water supply shut-off valve 
is located, or to try to purchase a fan belt or a faucet 
washer without knowing the size and number of the 
original item. If this type of information is known, then 
such minor repairs become routine. Otherwise, they tend 
to be ignored until a major problem occurs. 
The following items should be located and marked 
where necessary. It is equally important that all adult oc-
cupants be familiar with the location of these items: 
e Electrical Main Switch, if there is one. 
e Electrical Distribution Panel should contain 
itemized list of all lighting, receptacles, and equip-
ment connected to each circuit. 
• Electrical switches for equipment located away 
from main electrical panel, i.e. air conditioning con-
densing units (outside). 
• Water supply valve for entire system. 
e Water supply valves for each plumbing fixture. (A 
valve enables the homeowner to make repairs on 
individual fixtures without turning off the water 
s~pply for the entire house.) 
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• Cleanout plugs in sanitary waste lines. A cleanout 
is usually located at the end of each major branch 
line. In some communities, a cleanout is located in 
the main building drain just beyond the edge of the 
house. 
• Septic tank, distribution box, and leaching field, if 
there is no sanitary sewer system. 
• Gas supply valve for entire system. 
• Gas valve and pilot light on each gas appliance. 
A file should be maintained for warranties, guarantees, 
instructions, and parts lists on all installed or portable 
equipment. Experience will indicate which items require 
more frequent maintenance, and it will be possible to 
have a supply of replacement parts on hand, such as 
washers for faucets, fuses, and a fan belt for a forced air 
heating and cooling system. 
The mechanical systems within the house should be 
given careful attention. Much of the repair and main-
tenance on the mechanical systems can be done by the 
homeowner if he has the "know-how." However, even for 
the capable at:ld experienced homeowner, there is some 
work which should be done only by a qualified ser-
viceperson. In some communities, it may be illegal for the 
homeowner to do some work, such as electrical rewiring 
or certain plumbing repairs. 
Electrical System 
The condition of lamp cords, extension cords, and plugs 
should be inspected periodically and replaced at the first 
sign of wear or damage. Exposed wiring (i .e. in garage, 
unfinished basement, etc.) should also be checked and 
replaced at the first sign of wear or damage. Switches and 
receptacles should be replaced immediately upon mal-
function or damage. 
If fuses blow or circuit breakers trip frequently, an 
electrician should be contacted to determine the cause 
and make necessary repairs. If a slight tingling shock is 
experienced when handling or touching any appliance, 
the appliance should be disconnected and repaired before 
using it again. 
While repairs to cords and sockets are within the 
ability of most home handymen, electrical repairs involv-
ing changing circuits, adding outlets or making connec-
tions within the service should be done only by an 
experienced electrician. 
Heating and Cooling System 
It is desirable to have the heating system checked in the 
fall and the cooling system checked in the spring by a 
qualified serviceperson. Checking of compressors, 
pumps, motors, and adjusting of pilot lights, bonnet 
thermostats and other devices within the system should 
be done only by a serviceperson. 
In a forced-air heating and / or cooling system, the 
blower and motor must be protected from dirt and dust. 
For this reason, there are filters located in the return-air 
side of the blower unit. The filters must be changed or 
cleaned at least twice a year and perhaps as frequently as 
once a month, depending on the amount of usage and the 
amount of dirt and dust in the air. Clogged filters will not 
allow a sufficient amount of air to pass across the heat ex-
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changer or the cooling coil, thereby causing inefficiency 
of operation and inadequate heating or cooling. The 
homeowner should check filters monthly to determine 
their condition. The Record of Maintenance (see page 6) 
will then establish an anticipated frequency for change. 
Clean the furnace room, supply and return grilles, and 
ducts with a vacuum cleaner insofar as possible. 
The blower bearings, blower motor, or hot water cir-
culating pump motor should be oiled unless they are 
sealed. Manufacturer's recommendations should be 
checked for amount and frequency of oiling. (Unless 
specified otherwise, bearings on electric motors should 
receive 2 or 3 drops of oil once or twice per year.) Check 
fan belts and pulleys for wear and proper tension. The air 
conditioning condensing unit (usually located outside 
the house) should also be cleaned. The grille and coils will 
collect insects, dirt, and trash, and should be brushed and 
hosed as needed. 
The evaporator coil (usually located within the house 
in the heating and cooling unit) functions as dehumidifier 
as well as a cooling element. Therefore, it condenses water 
which collects in a pan beneath the coil and is conducted 
to a drain. This drain line can easily become blocked and 
may require periodic cleaning to remove dust and algae. 
Overflowing water during cooling is a symptom of this 
condition. 
If air conditioners are installed in windows, they 
should be removed and stored for the winter season be-
cause 1) they leak cold air both around and through the 
unit, thereby creating drafts and discomfort; 2) window 
and sill decay can occur unnoticed around the unit if it is 
left in place permanently; and 3) maintenance of unit is 
more convenient. The air conditioning unit should be 
cleaned thoroughly, motor and blower lubricated as re-
quired, and checked for rusting of metal parts (spot paint 
as required). Window air conditioners also have filters 
which should be checked frequently. Plastic foam filters 
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can be washed in warm water and detergent. Metallic fil-
ters should be washed and recoated with a product avail-
able for that purpose. Fiberglass filters are disposable and 
should be replaced. 
Most manufacturers recommend that outdoor por-
tions of air conditioning units should not be covered 
during the off season, since the units are designed to be 
weather-resistant, and a watertight cover can trap mois-
ture within the unit. 
If humidifier or dehumidifier is used, clean and dry 
thoroughly, oil as required, and check for rusting. Spot 
paint all rusted areas as required. Check humidifiers for 
calcium deposits and check dehumidifiers for algae 
growth. Algae can be removed with household chlorine 
bleach. 
Do not allow the furnace or boiler room to become a 
storeroom for flammable materials. 
Plumbing System 
All faucets, hose bibbs, and other valves should be check-
ed for leaks. 
Water closet flushing systems are frequent wasters of 
water. The top of the flush tank should be removed peri-
odically to check its operation. If the water level is up to 
the overflow, either the float has become waterlogged or 
the ballcock is leaking. This can be checked by raising the 
float arm to see if the water flow can be stopped by that 
method. To check the tank ball, add a small amount of ink 
or food coloring to the contents of the flush tank. Check 
an hour or so later, and if water in the toilet bowl has be-
come colored, the tank ball should be replaced. 
Moisture condensation on the outside of the flush tank 
is best controlled by installation of a mixing valve which 
adds some hot water to the filler line. A kit containing 
foamed plastic insulation for the inside of the tank is also 
available, as are factory-insulated tanks. A special drip 
pan can also be used. 
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FLUSH TANK 
The pressure relief valve located near the top of the 
water heater should be opened periodically to see that it 
is in operating condition. Also, approximately 3 gallons 
of water should be drained from the water heater every 
3 or 4 months to remove any sediment that may have ac-
cumulated in the bottom of the tank. If either of these val-
ves have not been opened in some length of time, they 
may not seal properly when closed and a new washer 
may be required. 
If municipal or private sanitary sewers are not avail-
able, the sewage disposal system of the house will 
probably include a septic tank. The frequency of cleaning 
required by the septic tank depends on the size of the 
tank, the flow of sewage to it, and the method and condi-
FREEZEPROOF HOSE BIBB STANDARD HOSE BIBB 
tions of disposal of the tank overflow. As long as the ac-
tive working space between the scum and sludge is ade-
quate to decompose sewage by bacterial action, the tank 
does not have to be cleaned. It is an erroneous idea that a 
tank needs to be pumped when it is filled-the tank is al-
ways full. 
The tank should be inspected every year or two. When 
the space between the scum and the sludge becomes one-
half the total depth of the tank, pumping is advisable. A 
two-chamber tank of adequate size should not need 
pumping more frequently than once in seven to ten years. 
If inspection shows raw sewage at the outlet, the tank 
should be cleaned. If the tank is allowed to fill to the point 
that sludge is discharged into the disposal field, the dis-
posal field may become plugged and have to be replaced. 
A record of inspection and maintenance should be 
kept. It is also a good idea to plot the location of the sep-
tic tank and its inspection tiles, and the disposal lines, 
with measurements from fixed points. 
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Grounds and Yard 
Depending on the severity of the winter, outside hose-
hibbs (if they are not freezeproof) and water lines should 
be drained each fall. Water should·also be drained from 
garden hoses and they should be cleaned and stored in a 
protected location. Storage of a reel provides protection 
from damage. Some plastic hoses become brittle in cold 
weather, and cannot be used during the winter. 
Areaways, window wells, storm drains, and their out-
lets should be cleaned and damaged items repaired. 
During the fall, particularly, areaways and window wells 
should be checked frequently since drains in these 
areaways can be clogged by only a few leaves. Wind-
blown leaves will collect quite rapidly in such locations. 
All gasoline-powered equipment which will be out of ser-
vice for a season should have the fuel drained or stabi-
lized and be serviced in accordance with the 
manufacturer's directions. In the fall, all snow handling 
or snow melting equipment should be checked and 
readied for service. Snow removal is made easier by coat-
ing the snow shovel with wax or silicone. 
The winter is a good time to clean and repair all gar-
den tools and equipment. All dirt and rust should be 
removed and surfaces coated with oil, silicone, or wax. 
Splintered or rough wood surfaces, such as handles, 
should be sanded and refinished. 
Spray guns can become clogged and useless due to the 
chemical residue from pesticides and weed killer. Fer-
tilizer left in a spreader can be extremely corrosive. All 
such equipment should be thoroughly cleaned after each 
use. Leftover chemicals should be checked for expiration 
date and those which are to be saved should be stored in 
a cool, dry, locked cabinet. Flammable chemicals and 
paints shold be stored in a special metal cabinet. 
All paved surfaces (concrete, asphalt, etc.) should be 
checked for cracks, settlement, and soil erosion ~djacent 
to these surfaces. Asphalt surfaces are quite susceptible 
to deterioration from water if adequate drainage from 
these surfaces is not provided. Also, asphalt is subject to 
deterioration from petroleum products, such as gasoline 
and oil drippings. If you are contracting for this sealing 
operation, be sure to choose a reputable contractor. 
Cracks in concrete surfaces should be thoroughly cleaned 
and repaired with patching compounds which will bond 
to existing concrete. 
All wood structures such as fences, gates, etc. should 
be inspected.for termite attack and decay. When replace-
ment becomes necessary, use a more durable species of 
wood (redwood, cypress, or black locust). Wood which is 
to be imbedded in the ground or in concrete should be 
pressure-treated. 
PERMANENT RECORD OF MAINTENANCE 
A record of all maintenance to the house and its equip-
ment is of value for four reasons. Such a record indicates 
1) the date on which each job was done, 2) frequency of 
work to be done, 3) the cost of each job, thereby allowing 
the homeowner to budget for future maintenance, and 4) 
who did the maintenance, which provides the 
homeowner with a list of servicemen to call (or not to call) 
in the future. 
Also, if the job was done by the homeowner, it is im-
portant to indicate what materials were used and where 
they were purchased. 
When moving into a new house, it is a good idea to ob-
tain from the builder extra floor tile, ceiling tile, wall 
covering, and similar materials for repairs. This is par-
ticularly important for materials in which changes occur 
frequently, such as floor coverings. 
This is one of more than 40 publications for the homeowner issued by the Small 
Homes Council-Building Research Council of the University of Illinois. A 
complete paper-bound set is available for $15.00. For more information on cur-
rent housing topics, subscribe to the quarterly series "Council Notes." 
Special introductory price! 2 years for $5.00 
TO ORDER A BOOK OF CIRCULARS, A SUBSCRIPTION, 
OR A LIST OF PUBLICATIONS, CALL 
1- 800- 336- 0616 
Visa and MasterCard accepted 
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MAINTENANCE CHECK LIST 
The frequency of inspection and service given in the chart 
is minimum. Items may need to be checked more often or 
1. FOUNDATIONS AND BASEMENT 
a. Inspect for signs of termite infestation. 
b. check grading to assure that water will 
drain away from the foundation. 
c. check basement for dampness and/ or 
leakage following wet weather. 
2. DOORS AND WINDOWS 
a. check doors, windows, and trim for finish 
failure. 
b. check glazed openings for loose putty. 
c. check for broken glass and damaged screens. 
d. clean screens. 
e. check and lubricate window hardware. 
f. check weatherstripping for damage and 
tightness of fit. 
g. check caulking at doors, windows, and all 
other openings and joints between dis-
similar materials (i.e. wood-masonry. 
3. EXTERIOR WALLS 
a. check masonry for cracks and loose joints. 
b. check painted surfaces for paint failure. 
c. check siding and trim for damage or decay. 
d. check all trim for tightness of fit. 
4. ROOF 
a. check for damaged or loose shingles, 
blistered roofing, etc. 
b. check underside of roof where accessible for 
water stains or dampness. 
c. check for damaged flashing. 
d. check for damaged gutters, downspouts, 
hangers, and strainers. 
e. clean gutters and downspouts. 
f. evaluate gutters, downspouts, and sheet 
metal for repainting. 
g. evaluate roof for future replacement. 
h. check vents, louvers, and chimney caps and 
housings for bird nests, etc. 
i. check fascias and soffits for paint failure and 
decay. 
j. check antenna guy wires and supports. 
k. check masonry chimneys. 
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at other times due to number of occupants, types of 
materials, local conditions, household pets, etc. 
5. INTERIOR SURFACES 
a. check all finished surfaces for dirt, finish 
failure, and required repairs. 
b. check all joints in ceramic tile, laminated 
plastic, and similar surfaces. 
c. check grouting around tubs, showers, and 
sinks. 
6. FLOORS 
a. check wear and damage, particularly 
where one material meets another. 
b. evaluate for replacement or refinishing. 
7. ELECTRICAL SYSTEM 
a. check condition of lamp cords, extension 
cords, and plugs-replace at first sign of 
wear or damage. 
b. check areas where wiring is exposed. 
Replace at first sign of damage. 
c. if fuses blow or breakers trip frequently, call 
an electrician to locate the cause and make 
repairs. 
d. if you feel a slight shock or tingling from 
touching any appliance, disconnect it and 
make repairs. 
8. HEATING AND COOLING SYSTEM 
a. clean or change any air filters. 
b. clean dirt and dust from around furnaces, 
condensing unit, grilles, and registers. 
c. have heating and cooling system checked by 
a qualified serviceperson. 
d. remove window air conditioners for winter. 
e. service humidifier and/or dehumidifier. 
9. PLUMBING SYSTEM 
a. check faucets, hose bibbs, and flush valves 
for leakage. 
b. check septic tank. 
c. check water heater. 
10. GROUNDS AND YARD 
a. drain outside water lines and hoses. 
b. clean areawells, window wells, and storm 
drains. 
c. check driveways and sidewalks for cracks, 
yard for soil erosion. 
* 
** 
* 
University of Illinois SHC-BRC 
University of Illinois at Urbana-Champaign 
Small Homes Council-Building Research Council 
COUNCIL NOTES 
A1.61 SAVINGS 
by Insulating Doors and Windows 
This publication provides data for estimating the 
energy that can be saved by the insulation of 
doors and windows. 
The tables give estimates of the amount of 
natural gas that must be purchased and consumed 
to offset the heat loss from doors and windows 
with varying treatments. 
Fuel requirements are expressed in terms of 
natural gas because most of the homes in the 
United States are heated with gas. Simple conver-
sion factors are provided on page 7 for changing 
therms of natural gas to gallons of fuel oil or LP gas 
or to kilowatt-hours of electricity. The tables are 
adjusted to account for the efficiency* with which 
the different fuels can be utilized. 
The figures in the tables are estimates, since 
weather conditions, quality of building construc-
tion, and, in particular, living habits are so vari-
able. They are, however, based on the best avail-
able engineering data for making fuel consump-
tion and cost estimates for home heating. 
* See Circular G3.5, Fuels and Burners. 
R-Value 
The R-value is a measure of resistance to 
heat flow; the higher the R-value the better 
the insulating properties of the material or 
component. 
DOORS 
Doors contribute substantially to the heat loss of a 
house. The R-values of a door may be higher than 
that for a window, but oftentimes the infiltration 
around the door is more important than the heat 
loss through the door itself. Weatherstripping the 
prime door is the first step in reducing heat loss, 
and a separate storm door is usually recommend-
ed. 
A vestibule is an extremely effective means of 
reducing entry losses. Sliding glass doors can be 
extremely large energy u.sers except when locat-
ed on the south wall. In cold climates, double 
glazing and the use of doors with tight fit to 
COUNCIL NOTES Volume 4 Number 3 Winter, 1980 
@1980 by The Board of Trustees of the University of lllinois 
Material in this publication by: 
Seichi Konzo, Consultant, SHC-BRC 
Architectural consultant: Rudard A. Jones, AlA, SHC-BRC 
Artist: Joan R. Zagorski Editor: Henry R. Spies 
Published quarterly by the Small Homes Council-Building Research 
Council, University of illinois at Urbana-Champaign, One East Saint 
Mary's Road, Champaign, illinois 61820. This publica-
tion is pne of a series written for the homeowner. A complete list of 
publications is available upon request. 
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Degree-Days 
The degree-day is a convenient measure for 
estimating the heating demand for a build-
ing. For any given day, the number of 
degree-days for that day is given by the dif-
ference between 65°F and the mean daily 
temperature (average of minimum and max-
imum values). The daily values are added to 
provide monthly and seasonal totals. 
USE OF TABLES 
To use these tables: Determine the degree-days 
for your locality. 
Pages 4 and 5 of this circular show a degree-day 
map (in intervals of 1,000 degree-days) for the 48 
contiguous states and southern Canada. To use 
this simplified method, locate your community 
and the nearest degree-day lines. For example, 
Cleveland, Ohio, is near the 6,000 deg.ree-day 
line. The degree-day values correspond to column 
headings in each table. If you live about midway 
between two lines, then average the values for the 
two degree-day columns. For instance, Indiana-
polis, Indiana, would use average values between 
5,000 and 6,000 degree-days. Any more exact 
interpolation is not realistic. After determining 
the degree-day value for your locality, use this 
value for all subsequent calculations, ignoring the 
columns for all other degree-day values. 
reduce infiltration of outdoor air are recommend-
ed. Doors with factory-sealed triple glazing are 
available. In severe climates, a second single-
glazed sliding glass door can be installed on the 
outside of the prime unit, or a sliding glass storm 
door can be added. 
Table 1 indicates the savings which can be 
made. 
Example. Three storm doors are added to outside doors 
in a house located about midway between the 8,000 
and 9,000 degree-day zones. 
Fuel Requirement before and after change. 
1. Before: Consider case (2), door with weatherstrip-
ping. Use the average of 78 and 88, or 83 therms for 
each door . 
2. After: Consider case (3), and use the average of 54 
and 61 or 57 therms for each door. 
3. Therms Savings: 83 - 57 = 26 therms for each door. 
4. Adjustment for Number: 26 x 3 = 78 therms per 
season for three doors . 
Note that the savings would be much larger if 
the original doors were not provided with effec-
tive weatherstripping. It is apparent that weath-
erstripping is a high priority measure in any 
retrofit program. 
An insulated metal door by itself is almost as 
effective as a wood door plus storm door. 
University of Illinois SHC-BRC 
TABLE 1. OUTSIDE DOORS 
tdllb,'J (therms of natural gas burned per season to replace heat lost through one 20 sq. ft: door) 
DO 
Degree-day zone 
Type of door 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000 
1. Single door 30 46 63 80 98 115 132 149 167 
DO 2. Single door, tight fit 18 27 37 47 58 68 78 88 98 3. Storm door added 12 18 25 33 40 47 54 61 69 4. Metal door 13 21 29 37 45 54 62 70 79 
5. Vestibule 4 6 8 10 13 15 17 20 22 
(see sketches below) [ Sliding Glass Doors (therms of natural gas burned per season to replace heat lost through 2 doors totalling 40 sq. ft.) 6. Single glazing, 39 60 83 105 128 150 172 196 218 average fit 
[[ 7. Double glazing, 25 40 56 71 87 103 118 135 151 average fit 
8. Double glazing, 18 29 41 52 64 76 89 101 113 
tight fit 
!I 9 . Double glazing, 15 25 36 46 57 67 78 89 100 storm door 
!I 10. Triple glazing, 10 17 24 30 37 44 51 58 66 storm door Notes: Case (1) Solid wood door, P /4 inch thick. No weatherstrip . Case (2) Same as (1) , but with weatherstripping. 
Case (3) Metal storm door added to case (2) . 
Case (4) Polystyrene foam, thermal break, magnetic weatherstrip. 
Case (5) Outside door same as case (2). Outside vestibule door is metal. 
Cases (6) to (10) . Only thermally improved aluminum doors are considered. 
Case (9) Single glazed sliding door plus separate external sliding storm door. 
Case (10) Sliding door with sealed glazing plus separate external sliding storm door. 
(_ I I / / 
-c::===~main door 
/ 
/ 
_/ 
outdoors indoors vestibule 
• l// ) outdoors indoors 
Enclosed porch Enclosed vestibule with outside door and storm door. 
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WINDOWS 
The R-value for windows vary widely, so that a 
single R-value could not be selected for each type 
of glazing. The R-value depends upon: 
• the air space between the panes of glass (the 
smaller air spaces have lower R-values than do 
spaces greater than %-inch). 
• the presence of thermal barriers or "thermal 
improvements." (These are insulating plastic 
connectors that reduce the heat conduction of 
metal frames.) 
• the width of metal or wood frames that enclose 
the glass. (Since wood has a higher R-value 
than glass, the wider the wood frame, the 
smaller the glass area, and the higher the over-
all R-value for the window.) 
The R-value (or the U-value, which is 1/R) of 
the entire window can be obtained from the man-
ufacturer's catalog. This value should be one de-
termined from actual tests rather than from 
theoretical calculations. 
Note that it is possible for a triple-glazed 
window (R-1. 70) to show an R-val ue less 
than that of a well-constructed, double-glazed 
window (R-1.79). The difference is presumably 
due to the differences in the air spaces between 
the panes. 
In the tables that follow, the various combina-
tions of window glazings are defined as follows: 
• A single-glazed window has just one 
thickness of glass. 
• Double-glazing has two glass sheets with one 
air space, either in the form of a sealed, insulat-
ing glass unit or a single-glazed window with 
storm sash. 
• Triple-glazing refers to either a factory-sealed 
insulating unit consisting of three panes of 
glass enclosing two air spaces, or a sealed in-
sulating glass unit plus a separate single pane. 
• Quadruple-glazing refers to the ultimate in 
glazing protection, consisting of sealed glass 
units in both the prime window and storm 
sash. 
Energy calculations are based on windows of 
good quality and workmanship. In the case of 
aluminum windows, for example, the data in the 
tables include only those for "thermally im-
proved" windows. Within each class of win-
dows, wide variations in R-values were found in 
available windows. Be sure, therefore, to obtain 
manufacturer's certified test values. 
Annual Energy Savings 
To estimate annual energy savings due to im-
provement of windows: 
1. Determine annual fuel requirement for the 
original windows from Tables 3 and 4. 
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2. Determine annual fuel requirement for im-
proved windows. 
3. The difference between 1. and 2. is the annual 
fuel savings (in therms of natural gas) . 
4. Adjust for the actual area of the windows. 
(Determine total area of windows, divide by 
10, and multiply by the value from step 3.) 
5. To convert to other fuels, and to determine the 
return on investment, see pages 7 and 8. 
Example. Seven windows in a house in the 6 000 
degree-day zone have a total area of 72 square feet ~ All 
seven windows, which now have single glazing, are to 
be fitted with storm sash. 
Fuel Requirement before and after change. 
1. Before: 28 therrns for 10 square feet of single glaz-
ing . (See 6,000 degree-days .) 
2. After: 12 therms for 10 square feet of double glaz-
ing. (Also 6,000 degree-days .) 
3. Therm Savings: 28 - 12 = 16 therms for 10 square 
feet, or 
4. Adjustment for Area: 16 x 7.2 = 115 therms for 72 
square feet . 
In addition to saving energy and money, im-
proved glazing makes the room more comfortable 
by reducing drafts and providing warmer glass 
surfaces. When a storm sash is used in addition to 
the prime sash, it allows less infiltration around 
the sash and reduces the transmission of outside 
noise. The warmer glass surface also allows high-
er humidity without condensation on windows. 
Estimated glass temperatures are given in Table 2. 
The use of triple glazing should be seriously 
considered in both old and new homes, especially 
in cold climates (5,000 degree-days or more) or re-
gions of high energy costs. In existing houses, the 
installation of the third layer of glass or plastic can 
be either on the inside, outside, or in between the 
existing window and storm sash. 
TABLE 2 
INSIDE GLASS SURFACE TEMPERATURES 
(for oaF outdoor and 70°F indoor temperatures) 
Single glazing 
Double glazing 
sealed glass unit 
prime + storm 
Triple glazing 
sealed triple unit 
prime (sealed double) + storm 
Quadruple glazing 
prime (sealed double) + storm 
(sealed double) 
38°F to 43°F 
43°F to 49°F 
42°F to 52°F 
50°F to 53°F 
Unive rsity of Illin ois SHC-BRC 
TABLE 3. MOVABLE SASH 
(therms of natural gas burned per season to replace heat lost through 10 square feet of glass area) 
R- U- Degree-day zone 
Glazing type 
Single Glazing 
value value 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000 
*0.89 1.12 8 13 18 23 28 32 37 42 47 
**1.01 0. 99 8 12 16 21 25 29 34 38 43 
Double Glazing 
Insulated glass 1.47 0.68 
1.79 0.56 
Prime + storm 1.79 0.56 
2.22 0.45 
Triple Glazing 
Insulated glass 1.70 0.59 
2.70 0.37 
Prime (insulated 2.33 0.43 
+ storm) 2.78 0.36 
Quadruple Glazing 
Insulated prime + 3.01 0.33 
insulated storm 3.41 0.29 
5 
4 
3 
3 
3 
3 
2 
2 
1 
1 
8 
7 
6 
5 
6 
5 
4 
3 
2 
2 
11 
10 
8 
7 
9 
7 
6 
5 
4 
4 
14 
12 
10 
9 
11 
9 
7 
6 
5 
5 
17 
15 
12 
11 
14 
11 
9 
8 
7 
6 
21 
18 
15 
13 
17 
13 
11 
10 
8 
7 
24 
21 
17 
15 
20 
15 
13 
11 
9 
8 
27 
24 
19 
17 
23 
17 
15 
13 
11 
10 
31 
27 
22 
19 
26 
20 
17 
15 
12 
11 
* Mean of thermally improved aluminum windows (AAMA tests). 
** Calculated values for wood windows based upon ASHRAE Fundamentals, 1977, p. 22-24. 
Savings for Other Fuels 
Use the preceding tables to determine savings 
in therms of natural gas. 
Oil. Multiply the savings in therms by 0. 7 to get 
savings in terms of gallons of fuel oil per season. 
These estimates are based on a well-maintained 
and properly operating oil burner both before 
and after the change in insulation. 
l.P Gas. Multiply the saving in therms by 1.08 to 
determine the savings in gallons of L~ gas. 
Electrical Resistance Heating. Multiply savings 
by 20.5 to get savings in kilowatt-hours of elec-
tricity. This is based upon resistance heating, 
either baseboard or ceiling cable located in the 
room. For an electric furnace, multiply by 21.5. 
Electric Air-to-Air Heat Pump. If operating data 
A1.61 Savings by Insulating Doors and Windows 
for seasonal operation is available locally, your 
power supplier may help you determine the mul-
tiplier for your locality. If such data are not 
available, use the multiplier given below. 
Zones 2,000 to 3,000 - Use multiplier of 12. 
Zones 4,000 to 5,000 - Use multiplier of 15. 
Zones 6,000 to 7,000 - Use multiplier of 17. 
Zones 8,000 to 10,000 - Use multiplier of 18. 
Dollar Savings 
To determine the dollar value of the annual 
energy savings, multiply the therms of gas, gal-
lons of oil or LP gas, or kilowatt-hours of electrici-
ty saved by the unit price of the fuel. Natural gas 
is normally priced by the therm, LP gas and oil by 
the gallon, and electricity by the kilowatt-hour. 
Your local supplier can provide current prices. 
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TABLE 4. FIXED SASH 
(therms of natural gas burned per season to replace heat lost through 10 square feet of glass area) 
R- U- Degree-day zone 
Glazing type 
Single Glazing 
value value 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000 
*0.89 1.12 7 10 14 17 21 25 29 32 36 
**1.01 0.99 6 9 12 15 19 22 25 29 32 
Double Glazing 
Insulated glass 1.47 
1.79 
Prime + storm 1.79 
2.22 
Triple Glazing 
Insulated glass 1.70 
2.70 
Prime (insulated 2.33 
+ storm) 2.78 
Quadruple Glazing 
Insulated prime + 3.01 
insulated storm 3.41 
0.68 
0.56 
0.56 
0.45 
0.59 
0.37 
0.43 
0.36 
0.33 
0.29 
3 
3 
3 
2 
2 
1 
2 
1 
1 
1 
5 
4 
4 
3 
4 
2 
3 
2 
2 
1 
7 
6 
6 
5 
6 
3 
4 
3 
3 
2 
9 
8 
8 
6 
7 
5 
5 
4 
4 
3 
12 
10 
10 
8 
9 
6 
7 
6 
5 
4 
14 
11 
11 
9 
11 
7 
8 
7 
5 
4 
16 
13 
13 
11 
13 
8 
9 
8 
6 
5 
18 
15 
15 
12 
14 
9 
11 
9 
7 
6 
21 
17 
17 
14 
16 
10 
12 
10 
8 
7 
* Mean of thermally improved aluminum windows (AAMA tests) . 
** Calculated values for wood windows based upon ASHRAE Fundamentals, 1977, p . 22-24. 
Return on Investment 
Get an estimate of the cost of the improvements 
you wish to make, such as storm windows. Deter-
mine the annual dollar savings, as above. Divide 
the total cost of the improvements into the annual 
Basis for Calculations 
The following assumptions were made in the cal-
culation procedure used in this circular: A degree-
day base of 65°F; an indoor-air temperature of 70°F; 
R-values and U-values for materials as published in 
ASHRAE tables; for natural gas, furnace and boiler 
efficiency of 70%; for fuel oil, calorific value of 
140,000 Btu per gallon and efficiency of 70%; for 
electrical resistance heating, thermal value of 3412 
Btu·per kWh and efficiency of 100%; for electrical 
heat. pump heating, performance as indicated; 
Page 8 
dollar savings, and multiply by 100 to get percent 
return on in vestment. 
Example. Storm windows which cost $325 to install 
will save $62.50 in fuel each year. The return on invest-
ment is $62.50/$325 x 100 = 19.2%. 
infiltration, based on crackage method, is included 
in the heat loss for doors and windows; R-value for 
ceiling-roof combination is based on an R of 3 (R-
value of ceiling alone) and temperature difference 
taken from indoor to outdoor air; slab floor design 
heat loss data from Small Homes Council data; and, 
finally, the modification in the "24" of the basic 
equation as in Estimating Energy Requirements for 
Residential Heating, by WarrenS . Harris and Calvin 
H. Fitch, ASHRAE Journal, October, 1965. 
University of Illinois SHC-BRC 
University of Illinois at Urbana-Champaign 
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COUNCIL NOTES 
A1.62 SAVINGS 
by Insulating Ceilings, Walls, and Foundations 
This publication provides data for estimating the 
energy that can be saved by the insulation of var-
ious house components, such as ceilings, walls, 
and foundations. 
The tables give estimates of the amount of 
natural gas that must be purchased and consumed 
to offset the heat loss from each house component 
with varying amounts of insulation. 
Fuel requirements are expressed in terms of 
natural gas because most of the homes in the 
United States are heated with gas. Simple conver-
sion factors are provided below for changing 
therms of natural gas to gallons of fuel oil or LP gas 
or to kilowatt-hours of electricity. The tables are 
adjusted to account for the efficiency* with which 
the different fuels can be utilized. 
The figures in the tables are estimates, since 
weather conditions, quality of building construc-
tion, and, in particular, living habits are so vari-
able. They are, however, based on the best avail-
able engineering data for making fuel consump-
tion and cost estimates for home heating. 
* See Circular G3.5, Fuels and Burners. 
R-Value 
The R-value is a measure of resistance to 
heat flow; the higher the R-value the better 
the insulating properties of the material or 
component. 
Savings for Other Fuels 
Use the tables in this publication to determine 
savings in therms of natural gas. 
Oil. Multiply the savings in therms by 0.7 to get 
savings in terms of gallons of fuel oil per season. 
These estimates are based on a well-maintained 
and properly operating oil burner both before 
and after the change in insulation. 
LP Gas. Multiply the saving in therms by 1.08 to 
determine the savings in gallons of LP gas. 
Electrical Resistance Heating. Multiply savings 
by 20.5 to get savings in kilowatt-hours of elec-
tricity. This is based upon resistance heating, 
either baseboard or ceiling cable located in the 
room. For an electric furnace, multiply by 21.5. 
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Degree-Days 
The degree-day is a convenient measure for 
estimating the heating demand for a build-
ing. For any given day, the number of 
degree-days for that day is given by the dif-
ference between 65°F and the mean daily 
temperature (average of minimum and max-
imum values). The daily values are added to 
provide monthly and seasonal totals. 
USE OF TABLES 
To use these tables: Determine the degree-days 
for your locality. 
Pages 4 and 5 of this circular show a degree-day 
map (in intervals of 1,000 degree-days) for the 48 
contiguous states and southern Canada. To use 
this simplified method, locate your community 
and the nearest degree-day lines. For example, 
Cleveland, Ohio, is near the 6,000 degree-day 
line. The degree-day values correspond to column 
headings in each table. If you live about midway 
between two lines, then average the values for the 
two degree_-day columns. For instance, Indiana-
polis, Indiana, would use average values between 
5,000 and 6,000 degree-days. Any more exact 
interpolation is not realistic. After determining 
the degree-day value for your locality, use this 
value for all subsequent calculations, ignoring the 
columns for all other degree-day values. 
Electric Air-to-Air Heat Pump. If operating data 
for seasonal operation is available locally, your 
power supplier may help you determine the mul-
tiplier for your locality. If such data are not 
available, use the multiplier given below. 
Zones 2,000 to 3,000 - Use multiplier of 12. 
Zones 4,000 to 5,000 - Use multiplier of 15. 
Zones 6,000 to 7,000 - Use multiplier of 17. 
Zones 8,000 to 10,000 - Use multiplier of 18. 
Dollar Savings 
To determine the dollar value of the annual 
energy savings, multiply the therms of gas, gal-
lons of oil or LP gas, or kilowatt-hours of electrici-
ty saved by the unit price of the fuel. Natural gas 
is normally priced by the therm, LP gas and oil by 
the gallon, and electricity by the kilowatt-hour. 
Your local supplier can provide current prices. 
Return on Investment 
Get an estimate of the cost of the insulation im-
provement you wish to make. Determine the 
annual dollar savings, as above. Divide the total 
cost of the improvements into the annual dollar 
savings, and multiply by 100 to get percent return 
on investment. 
Example. Insulation which costs $325 to install 
will save $62.50 in fuel each year. The return on in-
vestment is $62.50/$325 x 100 = 19.2%. 
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TABLE 1. CEILING INSULATION 
(therms of natural gas burned per season to replace heat lost through 1,000 sq. ft. of <:eiling) 
R-value of 
insulation Degree-day zone 
in ceiling 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000 
0 192 297 408 519 631 740 850 964 1076 
1 144 223 306 389 474 555 637 723 807 
3 96 148 204 260 316 370 425 482 538 
5 72 111 153 195 237 278 319 362 404 
7 52 83 115 147 179 212 245 278 311 
9 43 69 96 123 149 177 204 231 260 
11 37 59 82 105 128 151 175 198 222 
13 33 52 72 92 112 133 153 174 195 
15 29 46 64 82 100 118 136 154 173 
17 23 38 54 69 85 102 118 134 151 
19 21 35 49 63 78 92 107 122 137 
21 19 32 45 58 71 85 98 111 126 
24 17 28 40 51 63 75 87 99 112 
30 14 23 33 42 52 62 71 81 91 
38 9 16 23 30 38 45 52 60 68 
44 8 14 20 26 33 39 45 52 59 
50 7 12 18 23 29 35 40 46 52 
56 6 11 16 21 26 31 36 42 47 
Note: Shaded portions of the table show values which may not be cost effective. 
CEILING INSULATION 
The R-value for commercially available ceiling in-
sulation materials may vary widely, from about 
2.0 to 4.0 per inch depending upon the material, 
the density, the temperature, and the quality of 
installation. Settling or shrinking may, in time, 
reduce the effectiveness of the insulation. 
The pre-calculated values for therms per 
season in Table 1 include an allowance for the R-
value of the ceiling construction. 
• If there is insulation in your attic now, you 
may use the following figures to approximate 
the R-value of the existing insulation: vermic-
ulite - R-2 per inch of thickness; mineral 
wool, glass fiber, cellulose- R-3 per inch of 
thickness. By interpolation, use the R-value in 
Table 1. 
A1 .62 Savings by Insulating Ceilings, Walls , and Foundations 
• Ask your insulation supplier for the R-value of 
the insulation material to be used. 
Example. A single-story house in the 4,000 degree-day 
zone has an attic floor area of 30 ft. by 50 ft. The 1,500 
sq. ft. of ceiling area is not now insulated. The supplier 
offers insulation with an R-19 rating. 
Fuel Requirement before and after changes. 
1. Before: The values in the first line (R-0) are for 
ceiling-attic construction with no insulation. For 
each 1,000 sq. ft. the therms required are 408. 
2. After: The values in the line for R -19 show 49 therms 
for each 1,000 sq. ft. of ceiling area. 
3 Therm Savings: For each 1,000 sq. ft., the savings 
will be 408 - 49 = 359 therms per season. 
4. Adjustment for Area: 359 x 1.5 = 538 therms for 
1,500 sq. ft. 
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HEATING DEGREE-DAYS 
WF.base 
The National Atlas of the United States of 1970 
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TABLE 2. WALL INSULATION 
(therms of natural gas burned per season to replace heat lost through 1,000 sq. ft. of wall) 
Wall 
stud 
size 
2x4 
2x6 
double 
stud 
81/2'' 
space 
double 
stud 
101/2" 
space 
WALL INSULATION 
R-value of 
insulation in 
stud space 2,000 
none 144 
R-6 58 
R-11 37 
R-13 33 
R-19 21 
R-30 11 
R-38 9 
The net wall area is obtained by subtracting the 
total area of windows and exposed doors from the 
gross wall area . . Consider only the net wall areas 
that are to be improved by insulation. 
Since the R-values of insulation materials vary 
widely, a range of R-values from about 3.2 per 
inch to 3.7 per inch is shown in Table 2. 
• Obtain the R-value of the insulation material 
to be installed from the supplier. 
• Find the value in the second column that most 
nearly corresponds to the insulation R-value . 
(Note that the R-value for the wall construction 
has been included in the pre-calculated table.) 
Interpolate when necessary. 
• The R-6 insulation shown in the table is no 
longer available, but may be found already in-
stalled in some houses. 
• The 81/2-inch and lOl/2-inch stud spaces are for 
double-wall construction, described in Cir-
cular C2.3, Illinois Lo-Cal House. 
Basis for Calculations 
The following assumptions were made in the cal-
culation procedure used in this circular: A degree-
day base of 65°F; an indoor-air temperature of 70°F; 
R-values and U-values for materials as published in 
ASHRAE tables; for natural gas, furnace and boiler 
efficiency of 70%; for fuel oil, calorific value of 
140,000 Btu per gallon and efficiency of 70%; for 
electrical resistance heating, thermal value of 3412 
Btu per kWh and efficiency of 100%; for electrical 
heat pump heating, performance as indicated; 
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Degree-day zone 
3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000 
223 306 389 474 555 637 723 807 
89 122 156 189 222 255 289 323 
59 82 105 128 151 175 198 222 
52 72 92 112 133 153 174 195 
35 49 63 78 92 107 122 137 
19 28 37 46 56 65 74 84 
16 23 30 38 45 52 60 68 
Example. A single-story house in a locality with about 
5,200 degree-days per season is 30' by 50' with walls 8' 
high. The frame walls (2 x 4 studs) are currently 
empty. The walls are to be filled with insulation. The 
supplier gives an R-13 value for the product . 
Fuel Requirement before and after change. 
1. Before: The values in the first line (R-0) are for 2 x 4 
stud walls with no insulation. The gross wall area is 
(30 + 50 + 30 + 50) x 8= ·1,280 sq. ft . The door 
and window areas total210 sq. ft. Therefore, the net 
wall area is 1280 - 210 = 1,070 sq. ft. Use the value 
under the 5,000 degree-day column without inter-
polation; 389 therms for 1,000 sq. ft. 
2. After: From the table, the value in the line for R-13 
insulation shows 92 therms for each 1,000 square 
feet of net wall area. 
3. Therm Savings: For each 1,000 square feet, the 
savings would be 389 - 92 = 297 therms. 
4. Adjustment for Area: 297 x 1.07 = 318 therms per 
season. 
infiltration, based on crackage method, is included 
in the heat loss for doors and windows; R-value for 
ceiling-roof combination is based on an R of 3 (R-
value of ceiling alone) and temperature difference 
taken from indoor to outdoor air; slab floor design 
heat loss data from Small Homes Council data; and, 
finally, the modification in the "24" of the basic 
equation as in Estimating Energy Requirements for 
Residential Heating, by WarrenS. Harris anQ. Calvin 
H. Fitch, ASHRAE Journal, October, 1965. 
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TABLE 3. FOUNDATION INSULATION 
(therms of natural gas burned per season to replace heat lost through 10 ft. of foundat!on) 
Foundation type 2,000 3,000 4,000 
Basement 
Not insulated 9 13 18 
Insulated 3 5 7 
Crawl space 
Not insulated 4 6 8 
Insulated 2 2 3 
apor barrier 
basement 
no insulation 
FOUNDATIONS 
Basements 
basement 
insulated 
Many heating contractors overlook heat losses 
from basements, and assume that the basement 
will be kept warm by heat lost from the furnace or 
boiler casing plus heat from ducts and pipes 
which pass through the basement. The heat lost 
from the basement is as costly as heat lost from the 
living room. Any reduction in basement heat loss 
will result in a warmer basement and warmer 
floors for the rooms above. 
Complete insulation in this case consists of: 
storm sash over basement windows, caulking be-
ween sill plate and foundation, insulation of the 
space next to the band joist, and insulation of the 
basement wall. The calculations in Table 3 are 
based upon insulating the basement walls with 
R-4 foam plastic board covered with 1/2-inch 
gypsum drywall, the band joist with R-19 batts, 
and double glazing on basement windows. 
Crawl Spaces 
All crawl spaces should be dry and well above the 
water table for the site. The ground surface should 
be covered with a layer of polyethylene plastic to 
A1.62 Savings by Insulating Ceilings, Walls, and Foundations 
Degree-day zone 
5,000 
23 
9 
10 
4 
6,000 7,000 
28 33 
11 13 
12 14 
5 6 
crawl space 
no insulation 
8,000 
38 
16 
16 
7 
9,000 10,000 
43 
18 
18 
8 
48 
20 
20 
9 
apor barrier 
crawl space 
insulated 
prevent the evaporation of water vapor from the 
ground into the crawl space and eventually into 
the house above. 
One alternative that is frequently recommend-
ed in the case of houses with electrical resistance 
heating is to place insulating batts between the 
floor joists (as much as R-19) to prevent heat loss 
from the heated space to the crawl space. Any 
water pipes in the crawl space (both hot and cold) 
should be located above the insulation. Insulating 
the floor over a crawl space may increase cooling 
costs, since it prevents the radiation of summer 
heat to the cooler ground surface. 
The second alternative, which is preferred in 
houses with heating ducts or heating pipes in the 
crawl space, is to insulate the crawl space walls 
and to close the foundation vents. In this case, the 
crawl space will be partially heated by the heat 
radiating from ducts and pipes. Complete insula-
tion of the crawl space consists of: closing of all 
vent openings in the foundation walls, covering 
of the vent openings with insulating inserts, 
caulking between the sill plate and the top of the 
foundation, insulation of the band joist (R-19), 
and insulation of the crawl space walls (R-10). 
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TABLE 4. FOUNDATION INSULATION 
(therms of natural gas burned per season to replace heat lost through 10ft. of foundation) 
Degree-day zone 
Foundation type 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000 
Slab-on-ground 
Unheated edge 
Not insulated 
Insulated 
Heated edge 
Not insulated 
Insulated 
slab-unheated edge 
no insulation 
Slab-on-Ground 
5 
3 
8 
5 
7 
5 
13 
7 
slab-unheated edge 
insulated 
Concrete is a good conductor of heat. In the case 
of a concrete floor slab, the heat flow from the 
house to and out the edge of the slab can be re-
tarded by placing a thermal break between the 
concrete slab and the outdoor air. In the case of 
new construction, the recommended procedure is 
to place a water-resistant insulation (such as ex-
truded polystyrene foam) between the slab and 
the foundation and extending downward at least 
24" or extending through the slab and back be-
neath it a similar distance. 
For existing construction, a recommended ret-
rofit insulation consists of a 11/2-inch sheet of ex-
truded polystyrene foam installed on the outside 
of the concrete foundation from the plate to at 
least 24" below grade. The foam board should be 
protected with cement-asbestos board, pressure-
treated plywood, or metal. A sheet metal flashing 
should extend from behind the siding over the 
insulation to shed water. 
Some slab-on-ground houses have a warm air 
heat duct extending completely around the out-
side edge of the slab. There is more heat loss from 
this heated edge system than from a conventional 
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10 
6 
17 
10 
13 
8 
22 
13 
15 
10 
27 
16 
18 
11 
31 
19 
slab-heated edge 
no insulation 
20 
13 
36 
21 
23 
15 
41 
24 
26 
17 
45 
27 
slab-heated edge 
insulated 
system having ducts leading from the furnace dir-
ectly to the registers, although the floor is warmer 
and more comfortable. 
Example: A crawl space house located in a 7,000 
degree-day zone had dimensions of 25' by 40'. The 
crawl space is totally enclosed and the earth surface is 
covered with a polyethylene sheet. What will be the 
energy savings if the uninsulated crawl space is com-
pletely insulated? 
Fuel Requirement before and after change. 
1. Before: In a 7,000 degree-day zone, the value for a 
uninsulated crawl space is 14 therms per season for 
each 10 linear feet of perimeter. 
2. After: The values for an insulated crawl space in the 
7,000 degree-day zone is 6 therms per season for 
each 10 linear feet of perimeter. 
3. Therm Savings: For each 10 linear feet of perimeter, 
the savings will be 14 - 6 = 8 therms. 
4. Adjustment for Area: The perimeter of the crawl 
space is (25 + 40 + 25 + 40) = 130 linear feet . 8 x 
13 = 104 therms per season saved. 
In addition to the energy savings, the crawl 
space will be warmer, as will the floor surface 
of the rooms over the crawl space, and comfort 
conditions in the house will be improved. 
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Hiring Designers & Builders 
You've visited model 
homes and looked through 
magazines, . and now 
you're ready to start 
building your new home. 
This publication describes 
the professionals you'll 
work with when you build 
or remodel, and it explains 
the basic business dealings 
you'll have with them. 
2 
HOW TO BEGIN 
Although each building project has its 
own unique set of requirements, all 
building projects follow the same se-
quence: design, preparation of contract 
documents, and construction. 
Design 
Design is deciding what to build. Pictur-
ing the final appearance of the building 
and understanding how it will function 
are the goals of the design phase. If the 
project is small (such as redecorating an ex-
isting room) and time is short, you can do 
the design yourself with the help of 
books or magazines. However, if the proj-
ect is extensive (such as a major addition or 
new home), most homeowners will need 
the help of one or more building profes-
sionals to complete the design. 
Contract Documents 
When the design is finished, the de-
signer will need to assemble written and 
visual descriptions of the project, and 
written legal agreements between the 
owners and the professionals hired to 
build the project. These contract docu-
ments include plans, specifications, legal 
contracts for construction, and building 
permits. 
Plans are drawings that describe how 
the project will be built and how it will 
look. Specifications are a written descrip-
tion of the methods and materials the 
builder will use. Contracts are the written 
legal agreements between the owners 
and the building professionals they hire. 
Permits are documents issued by the 
local governing body, such as a city or 
county building department. The local of-
ficials review the plans and specifica-
tions to make sure they meet local build-
ing codes and regulations. Then they 
issue a permit allowing the project to get 
underway. 
Construction 
In this phase of a building project, the 
owner purchases labor (such as the ser-
vices of a contractor) and materials to com-
plete the project. The contractor begins 
construction after obtaining a building 
permit. When the building is complete, 
the code official gives final approval. 
CHOOSING THE RIGHT 
PROFESSIONAL 
Each building professional has a particu-
lar area of expertise and training. Select-
ing the right individual(s) is one of the 
most important decisions homeowners 
make. You should base your decision on 
the size and complexity of the project, 
the budget, and the schedule. 
General Contractor 
General contractors assume responsibil-
ity for building the project. They are in 
charge of all building operations, and 
they tell subcontractors, such as plumb-
ers and electricians, what to do. They 
may or may not draw plans, and most 
do not have formal training in architec-
ture or engineering. 
Consider using a general contractor under 
these circumstances: 
A When you already have a set of plans 
and specifications; 
A When using stock plans from a home-
design book or building a typical floor 
plan and style; 
A When on a tight schedule; 
A When only minor alterations to a stock 
plan are needed. 
Remodeling Contractor 
Remodeling contractors specialize in 
work on existing buildings, and their 
crews are used to working around home-
owners. They may be less likely to dis-
rupt family life during construction than 
contractors who specialize in new con-
struction. Like general contractors, they 
frequently hire subcontractors for electri-
cal, plumbing, and heating work. 
Consider using a remodeling contrac-
tor when converting an existing space or 
building a simple room addition, espe-
cially if you know what you want. 
Subcontractor 
Subcontractors are specialists in one 
building trade: plumbing, electrical, car-
pentry, or heating. Subcontractors, or 
"subs," are usually hired by the general 
contractor. Many general contractors use 
the same subs on all projects. The general 
contractor coordinates the schedules of 
the subcontractors and gets them to the 
job on the day they're needed. 
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You could consider hiring subcontractors di-
rectly in the following cases: 
A. When the project is limited in scope 
and requires the assistance of only one or 
two trades; 
A. When you have experience or 
training in building; 
A. When you have the time, patience, 
and knowledge to supervise subcontractors. 
Architect 
Architects are professionals who have 
earned a degree in architecture and 
passed a licensing exam to practice archi-
tecture. They have the technical training 
required to design structurally sound 
buildings, and they know how to orga-
nize spaces (rooms, decks, yards, etc.) 
Architects can help you visualize how 
the building will look when it's done, 
and they can be helpful when good de-
sign and livability are top prioritie.s. 
Consider using an architect when deszgn has 
a high priority: 
A. When the architect has experience 
specifically in residential design; 
A. When the house is to be a custom 
project that suits the family's lifestyle; 
A. When an architect can save you money 
that might be wasted through poor plan-
ning and design . 
If you are planning to build a large 
home or do an extensive remodel, an ar-
chitect can also act as the owners' agent 
to see that the project is constructed as 
planned and that quality remains high. 
Designer /Builder 
These are specialists in the design and 
construction of houses. Sometimes, de-
sign/build firms are a joint venture be-
tween an architect and a builder; in other 
firms, no architect is involved. In either 
case, the firm does the design work and 
supervises construction, eliminating ~he 
communication problems that occur In 
many construction projects. 
Owners who are not sure what they 
want, but want to get started right away; 
could consider working with a de-
sign/build firm. If you decide to make 
minor changes after construction starts, 
you may find that designer /builders can 
be more flexible than general contractors. 
Because such firms handle both design 
and construction, they can draft the de-
sign changes and turn them over to the 
construction side of their business with 
less likelihood of miscommunication. 
Designer 
Designers are specialists in designing 
houses. They may have had some design 
training, or even a degree in architecture, 
but no architecture license. The quality of 
their work may vary from that of a good 
architect to that of a good builder. They 
may know more about house construc-
tion than some architects and more 
about house design than most builders. 
Plan Service 
O wners can purchase complete plans, 
called "stock" house plans, from maga-
zines or lumber dealers. The companies 
that market these stock plans often em-
ploy architects to develop plans and spec-
ifications. Stock plans vary in quality. 
(For example, specifications may be incom-
plete, or the room arrangements may not. 
make the most efficient use of space.) This 
forces the owner to judge whether the 
plan is well designed and suitable for the 
site, and the contractor to make up for in-
adequate plans and specifications. 
Consider using stock plans: 
A. When the site is easy to build on and 
you find a design you like; 
A. When you work with a reputable 
contractor capable of making minor alter-
ations to a plan. 
Interior Designer 
Interior designers can help when the 
project involves extensive interior ~emod­
eling, interior layouts, colors, and fm-
ishes. Some have a design degree or a 
professional license, and they may be-
long to the "ASID" (American Society of In-
terior Design.) Interior designers can help 
you select new color schemes or new 
ways to light your rooms. And they can 
assist in arranging furniture. Some inte-
rior designers draw up contracts. 
Kitchen and Bath Designer 
Kitchen and bath designers often work 
for cabinet companies and lumberyards, 
and may provide free design advice. Cer-
tified Kitchen Designers, who have 
passed a technical exam, use the ini~ials 
"CKD" after their name. These special-
ists prove valuable for kitchen and bath 
remodeling projects. 
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OTHERS INVOLVED IN BUILDING 
Attorneys frequently become involved if 
there are problems with a job. Instead of 
waiting until problems arise, contact an 
attorney before you sign the contract. 
Lending agents, such as officers from 
savings and loan institutions or banks, 
prepare and grant loans for home con-
struction and remodeling. They will help 
by establishing escrow accounts and pro-
cedures for making timely payments to 
contractors. 
Code officials are city employees that 
issue building permits and inspect con-
struction projects to be sure they comply 
with rules to protect the health, safety, 
and welfare of the community. 
Material suppliers-lumberyards, 
plumbing suppliers, and hardware 
stores-provide building materials for 
house construction. Contractors and ar-
chitects will frequently ask homeowners 
to visit suppliers' stores to pick out fix-
tures and finishes (such as tile or lighting.) 
FINDING THE RIGHT PERSON 
Once you have decided which profes-
sionals to use, you will have to find the 
right individual for the job. The first step 
is to compile a master list. The telephone 
directory is a good place to start. Owners 
can also ask suppliers about builders, 
builders about suppliers, architects about 
builders, builders about architects, and 
your banker about any of the above. 
Friends who have recently completed a 
building project are also a good resource. 
Once you have developed a list, you 
will have to make a final selection. Hire a 
professional who is not only qualified, 
but who has successfully completed pro-
jects that are similar in type and scale to 
the one you are planning. Ask to see pic-
tures of their work. Craftsmanship, style, 
quality, and taste vary. Make sure the 
match between the professional's abili-
ties and your expectations is a good one. 
Also, ask for references, and make sure 
you check them out. Before signing a con-
tract with a contractor or subcontractor, 
call their bank and verify the financial 
stability of the company. They may also 
call your bank or other references to ver-
ify your financial stability. 
DOING THE WORK YOURSELF 
Some owners consider planning and 
building a project themselves. If the proj-
ect is a simple interior remodel or a small 
addition, and you have the time and ex-
perience, you will only have to deal with 
a banker, the material suppliers, and 
code officials. 
You may also be interested in plan-
ning and building an extensive addition 
or an entirely new house by hiring sub-
contractors to do some or all of the work. 
Building your own house can be a fun, 
life-enriching experience, or it can be im-
mensely frustrating. Few families remain 
untouched by the experience. Books, 
seminars, and intensive building courses 
provide most of the information re-
quired. However, keep in mind that this 
type of undertaking requires an enor-
mous amount of preparation, study, 
time, and most of all, patience. Most 
people find building a new home less 
stressful if they work with architects and 
general contractors. 
HOW AN ARCHITECT CAN HELP 
The title "architect" is a legal one. It indi-
cates that a person has passed a state-
wide examination and is registered, or li-
censed, by the state to practice architec-
ture. Drawings necessary to construct a 
building can also be prepared by design-
ers and those who do drafting. However, 
these individuals are not licensed to prac-
tice architecture. In most states, you do 
not have to hire an architect to build a 
one- or two-family dwelling, but a few 
states, counties, or cities require an 
architect's seal on drawings. 
Design Services 
Architects can provide a great deal of as-
sistance in helping you plan and visual-
ize your building project. 
The usual duties of an architect are these: 
A Visit the site to determine the best place 
to put the building; (The architect may even 
advise the owner in choosing a site.) 
A Analyze the family's living needs and 
match these to the building budget; 
A Draw preliminary sketches (general plan 
and appearance of the project}; 
A Prepare preliminary estimates of costs; 
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.A Prepare working drawings and details 
(exact dimension drawings showing floor plans, 
exteriors, structural details, mechanical installa-
tions); 
.A Prepare specifications; 
.A Advise on the selection of contractors. In 
competitive bidding, the architect analyzes 
the bids for the owner. 
Construction Supervision 
If the owners feel confident that their 
contractor will carry out the architect's 
plans faithfully, they can pay the archi-
tect for the design and turn the job over 
to the contractor. However, architects 
don't usually conclude their services 
when they finish the design. They usu-
ally continue to supervise construction 
until the building is finished. 
If architects supervise construction, their 
duties also include the following: 
.A Observing construction to determine in 
general that the work is carried out accord-
ing to the plans and specifications; 
.A Examining requests from the contractor 
for changes or substitutions of materials; 
.A Issuing written change orders for 
approved changes; 
.A Checking requests from the contractor for 
payments, and issuing certificates for prog-
ress payments; 
.A Making a final inspection; 
.A Preparing a certificate for final payment 
when the project is complete. 
Fees and Payments 
Many people hesitate to ask architects 
about their services because they fear 
their inquiry will place them under obli-
gation; however, you are not under any 
obligation until you sign a contract with 
the architect. 
The fee for an architect who performs 
the duties mentioned above varies from 
6 to 15% of the total cost, depending on 
the size and complexity of the project. 
When the architect performs only partial 
services, the fee is smaller. You can also 
pay an architect by the hour or negotiate 
a mutually satisfactory payment. 
Payments to the architect are made at 
regular intervals. The schedule of pay-
ments to the architect as recommended 
by the American Institute of Architects 
(AlA) is as follows: 1) a retainer, paid at 
the time the contract is signed; 2) at 
completion of the design phase; 3) at 
completion of construction documents; 
4) at completion of bidding or negotia-
tion; 5) monthly during the construction 
phase. This schedule is sometimes modi-
fied, depending on the size and complex-
ity of the project. 
If the owners decide not to build at 
any point during their dealings with the 
architect, they must pay for work done 
to that point. 
The Owner-Architect Agreement 
An owner-architect agreement will clear 
up misunderstandings such as those re-
lating to the architect's function and the 
limits of architectural responsibilities 
and services. 
The agreement, or contract, does the following: 
.A Describes the services of the architect; 
.A States the amount, the time, and the 
method of paying the architect's fees; 
.A Sets forth the owner's responsibilities . 
You as owner also have some obligations 
to the architect, and these are explained 
in the contract. 
The owners must complete these tasks: 
.A Provide the architect with information re-
garding restrictions, easements, boundaries 
of the site, sewerage, and utilities; 
.A Have a survey made of the site showing 
contours, grades, adjoining properties, 
and streets; 
.A Give prompt, careful consideration to all 
papers submitted by the architect. 
The architect's function is not to 
"draw blueprints," but to perform a ser-
vice for the owner. All contract docu-
ments (drawings, blueprints, and specifica-
tions) remain the architect's property. You 
cannot use them for any other project. 
The architect is also the sole judge in 
case of disagreements between the own-
ers and the contractor. If the owner and 
the contractor disagree, the architect (if 
hired to administer the construction contract) 
will be the impartial interpreter of there-
quirements of the contract documents. 
The owner and the contractor report 
their dissatisfactions to the architect. 
However, owners should not think that 
all decisions will be in their favor be-
cause they pay the architect. 
The architect does not provide con-
stant on-site supervision of the project. 
Architects typically make periodic site-
visits to see if work conforms to the con-
tract documents. On larger and more 
complicated projects, owners may want 
Hiring Designers & Builders 
an architect at the site every day. This ad-
ditional service costs more. 
Comprehensive Services 
Some architects offer comprehensive ser-
vices. This means the architect takes on 
the contractor's duties, superintending 
and coordinating the work of the sepa-
rate trades. The architect should have 
previous experience building homes and 
will expect to be paid more. 
The architect who offers this service 
has the contract documents for the indi-
vidual trades written so that each trade 
becomes a contractor. Each provides its 
own permits, pays any sales tax, carries 
necessary insurance and workers' com-
pensation, and complies with all laws, or-
dinances, and codes. 
The architect requests bids from sev-
eral contractors for each trade. The archi-
tect assembles the bids and then, with 
the owner, selects the contractors. The 
lowest bidders are usually selected un-
less time or quality of workmanship be-
come a factor. The owner signs the con-
tracts with the separate contractors-
each of whom represents a different 
trade. The architect takes out the general 
building permit for the owner, and the 
owner pays for it. The architect tells the 
trades when to begin work. The architect 
is responsible for coordinating the trades 
and making sure the contract documents 
are being followed. 
As the owner's representative, the ar-
chitect prepares certificates that allow 
the lender or owner to pay the contrac-
tor. The architect may distribute the 
checks and collect waivers of lien. How-
ever, when there is a construction loan, 
the loan agency usually distributes the 
checks and collects the waivers. 
SUBSCRIBE NOW! 
Don 't miss the next eight issues of 
Council Notes . For only $5 .00, we'll 
put you on our mailing list, and you ' ll 
receive our newest publications as soon 
as they're printed . Publications are is-
sued quarterly. To place an order, call: 
1 -800-336-0616 
Visa and Mastercard accepted . 
WORKING WITH CONTRACTORS 
When contractors assume responsibility 
for building the project, they furnish all 
the materials and perform all the work 
for the project as shown on the drawings 
and specifications. 
A contractor is responsible for the following: 
.& Carrying out the provisions of the contract 
documents; 
.& Ordering and paying for the materials; 
.& Getting materials to the site; 
.& Awarding subcontracts to the various 
trades and scheduling the work of each; 
.& Directing construction. 
Insurance Coverage & Warranties 
One of the contractor's most important 
duties is to purchase insurance. The 
contractor's insurance package should in-
clude workers' compensation coverage. 
In addition, contractors should provide 
general liability coverage. Liability insur-
ance covers injury or damage by the con-
tractor or anyone employed directly or 
indirectly by the contractor. 
In addition, either the homeowner or 
contractor should be covered by a 
''builder's risk" policy. The policy can be 
written in either the homeowners' or 
contractor's name, and it will protect the 
property for the amount of money al-
ready advanced to the builder. If the pol-
icy is issued to the contractor, the home-
owner should be named as co-insured. If 
a wind storm blows the house down half-
way through construction, the builder's 
risk policy gives you enough money to 
rebuild the house to the point at which 
the loss occurred. 
Contractors generally provide a 1-year 
warranty against defects in workman-
ship. Manufacturers may also provide 
guarantees for parts of the house, such as 
shingles, windows, and siding. Home ap-
pliances carry their own warranties. 
Make sure all product and appliance war-
ranties have been registered with the 
manufacturers. 
Fees and Payments 
Contracts establish what kind of fee the 
owners pay and when payments are due. 
Most contracts use one of the following: 
.& Lump sum 
.& Cost-plus 
.& Maximum total 
Building Research Council 
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In a lump sum contract, the contractor 
agrees to build the project for a fixed 
sum, which includes all costs and the 
contractor's profit. The owner pays this 
sum, plus any "extras" due to changes or 
omissions. This arrangement provides 
the homeowner with the most protection 
from cost overruns. 
In cost-plus contracts, the contractor is 
paid the actual cost of materials and 
labor plus a fixed fee (or fixed percentage 
of costs-usually 10% to 15%-for overhead 
and profit). This method does not place 
an upper limit on the cost of the project. 
Therefore, there is less incentive for the 
contractor to keep material and labor 
costs down. 
The third fee arrangement is not very 
common in residential construction, but 
you might find some contractors willing 
to give it a try. It's called the maximum 
total con tract. The owners and contractor 
have to agree upon the maximum cost of 
the project. This includes the contractor's 
fees. Any savings in the total cost are di-
vided between the owner and the con-
tractor. This contract form requires very 
careful accounting. 
No matter what kind of contract you 
and the contractor choose, you'll typi-
cally make payments while the house is 
under construction. Partial payment plans 
are the most commonly used method of 
reimbursing a contractor for work. Pay-
ments are made monthly, based on the 
amount of work completed and materi-
als delivered to the site. 
A contract that pays on completion is 
another option. The con tractor receives 
the entire amount upon completion of 
the project. Few contractors will accept 
this method if the project lasts longer 
than a week or two. 
With any payment method, owners 
are entitled to hold back payment on a 
percentage (usually 10%) of the value of 
the work until they agree the project has 
been successfully completed. 
CONTRACT DOCUMENTS 
All business arrangements relating to the 
actual construction are between the 
owner and the con tractor, whether or not 
an architect is engaged to design the proj-
ect and to follow it through to comple-
tion. Many contractors use a standard 
contract form. Before signing, homeown-
ers should have the contract reviewed by 
their lawyer. 
The contract between the owner and 
the contractor consists of the contract 
documents, which usually contain the 
following items: 
A. Agreement 
A. General conditions 
A. Plans and specifications 
A. Changes or modifications 
An agreement is the first part of a writ-
ten contract, and outlines the main 
points of the relationship, such as the 
cost of the job and payment schedule. 
The agreement should state all points 
agreed upon by the owner and the con-
tractor, such as the scope of work; the 
time of completion; and the amount, 
method, and time of payment. Because it 
prevents misunderstandings, an agree-
ment forms the basis for a good working 
relationship with the contractor. 
The general conditions section of the 
contract follows the "agreement" and 
lists 1) the responsibilities and obliga-
tions of the contractor and the owner to 
each other; and 2) the duties of the archi-
tect to the contractor. The general 
conditions' section usually includes infor-
mation about insurance coverage. Read 
the insurance provisions carefully to be 
sure the contractor provides workers' 
compensation, and review your own in-
surance coverage before signing. 
Plans and specifications should accom-
pany every construction contract. The 
plans consist of all drawings in connec-
tion with the work. The specifications are 
a written list of what is shown on the 
plans, but they contain important infor-
mation about the quality of the materials 
the contractor plans to use. 
All changes, modifications, and interpreta-
tions to the contract should be made in 
writing. Called "change orders," these 
become a legally binding part of the orig-
inal contract. Until the customer submits 
a written change order, the contractor is 
only responsible for building according 
to the specifications and drawings. 
Specifications 
The specifications should include a de-
scription of all materials, including 
Hiring Designers & Builders 
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brand names, quality markings, and 
model numbers. Check carefully. Items 
omitted become "extras" -you pay for 
them over and above the contract. The 
specifications also describe the work to 
be done by listing the work in each 
major construction category, such as site 
work, concrete, masonry, metals, carpen-
try, finishes, furnishings, mechanical, 
and electrical. 
Common practices in certain trades 
can cause misunderstandings when the 
owner is not familiar with usual con-
struction practices. For example, the elec-
trical work usually includes the wiring, 
switches, outlets, and kitchen and bath-
room fans, if specified. Owners may end 
up paying for lighting fixtures sepa-
rately. Sometimes, contractors will give 
you a "cash allowance." If you want fix-
tures that cost more than the allowance, 
you pay for the overrun. 
Also, hardware specifications may in-
clude only rough hardware, such as ga-
rage and sliding door hard ware, and all 
nails, bolts, and screws. Finish hard ware 
can be specified or covered by a cash al-
lowance as described above. 
Changes and Change Orders 
Probably more misunderstandings are 
caused by changing the original plans 
and specifications than by any other act. 
If you or the contractor make changes 
during construction, or if you add extras, 
put the instructions in writing before 
making the change. Have the contractor 
give you a written agreement on the cost 
of the change, and whether it adds or 
subtracts from the original price. You 
need to make sure you can pay for 
changes in cash or can include them in 
the loan. Even changes that seem small 
can add up. If an architect is involved in 
the project, the instructions and authori-
zation for the change are issued by the 
architect in a written "Change Order." 
Liens and Waivers of Lien 
A lien gives the contractor, workers, 
material dealers, and, in some states, ar-
chitects, the right to file a claim against 
the owner or the owner's property for 
the materials and labor supplied for the 
project. Lien laws protect subcontractors 
from contractors or owners who go bank-
rupt. However, because material suppli-
ers and subcontractors may try to collect 
money that is due them from you, you 
should make sure they have received 
payment from the contractor. 
You can make sure the contractor has 
paid the appropriate bills by obtaining a 
"waiver of lien" (an affidavit waiving the 
right of lien.) The lien waiver certifies that 
all bills for labor and material have been 
paid. Insist that the contractor present ev-
idence that subcontractors and material 
dealers have been paid each time the con-
tractor asks for payment. To protect your-
self against possible liens, obtain a 
waiver of lien from each subcontractor 
and supplier, as well from the contractor. 
Terminating the Contract 
Either the owner or the contractor can 
halt the project before it is completed. 
The owner can terminate a contract if the 
contractor neglects to do the work prop-
erly or fails to perform any provision of 
the contract. The owner must, however, 
pay the contractor for work done, less 
damages. Contractors may end a con-
tract if the owners fail to pay them 
within a certain time after a payment is 
due or if work is stopped for any length 
of time by any public authority or by the 
owner. A clearly written contract pro-
tects both parties and spells out the 
grounds for halting construction. 
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Landscaping for Energy Conservation 
Landscaping can save 
energy by protecting homes 
from sun and wind. Homes 
on rural sites are especially 
vulnerable to climate ex-
tremes, but homeowners in 
towns and cities can also 
benefit from windbreaks, 
fences, and trees. 
NATURAL FORCES AND COMFORT 
Our early ancestors sought warmth in 
the sun, protection in caves, and cooling 
breezes during humid spells. By careful-
ly selecting building sites and building 
materials, they could take advantage of 
positive climatic forces. In so doing, they 
were able to increase their physical com-
fort and reduce the time and effort re-
quired to find and store energy. Today, 
people still strive to keep warm when it's 
cold and cool when it's hot. 
When energy was inexpensive and 
abundant, the natural forces that affected 
our comfort could be modified by 
mechanical heating and cooling systems. 
Solar radiation, temperature, wind, and 
humidity--natural forces that change 
with local conditions--were ignored. The 
homeowner was protected by the build-
ing shell. 
Because of increasing energy costs, 
homeowners and builders today are in-
in summer. Evergreens act as a 
windbreak in winter. 
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terested in making housing more energy 
efficient. Modifications in the building 
shell can help. However, landscape plan-
ning and design can also modify the 
"microclimate" around the building. 
Landscaping can reduce the building's 
reliance on a mechanical energy system, 
without sacrificing comfort for its 
occupants. 
What temperatures and humidity make 
people comfortable? Researchers who 
have studied this question found that 
there is a "human comfort zone." This 
comfort zone is a range of temperature 
and humidity that is most comfortable 
for human activity. In the comfort zone, 
air temperature is 70 to 80 degrees and 
humidity 40 to 50 percent. People can 
perform normal activities efficiently. In 
many houses, the furnace or air-con-
ditioner is the only way to keep the 
building within the comfort zone. There 
Building Research Council 
are other means, however, of keeping a 
building warm or cooling it down. 
SOLAR HEATING FOR WARMTH 
One way we can warm our bodies or 
buildings is by trapping the sun's 
radiant energy. Radiant energy (or short 
wavelength radiation) travels across the 
vacuum of space. Objects in the path of 
the sun's rays absorb radiant energy. 
In winter months, the sun's radiant energy streams through 
windows and helps with heating. 
At night, heated people and objects lose heat to cold 
surfaces such as glass. 
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Streaming in through windows, sunlight 
heats the objects inside the house, as well 
as the building shell. 
Heating continues until the sun no 
longer strikes the window. Without this 
heat source, the room begins to cool. The 
people and objects that had been 
warmed now give up their heat to the 
room in the form of long wave radiation. 
Long wave radiation cannot pass 
through window glass. The only way the 
trapped heat can escape is by means of 
conduction-heat lost by direct contact 
with a cold surface. When window 
draperies are closed, conduction heat 
loss is reduced. In this way, heat gained 
from the sun can be maintained for a 
longer period. 
When you're building a house or 
developing a landscape plan, make sure 
you don't prevent the winter sun's rays 
from entering south-facing windows. In 
the summer when it's hot, you'll natural-
ly want to provide as much shade as pos-
sible. But since the sun's angle is lower in 
the winter, if you plan correctly, you can 
enjoy the sun in winter, but not be over-
heated in summer. (See our publication, Cir-
cular C3.2 Solar Orientation, for more on how 
to position your home on the lot.) 
You don't even have to live in the 
South to benefit from winter solar radia-
tion. In northern latitudes, even during 
winter, the sun warms the south side of a 
building. Solar radiation will be even 
greater if snow reflects the sun's rays. 
Control Sunlight With Trees 
The use of evergreen trees or tall grow-
ing shrubs must be restricted to locations 
other than the southern exposure. Any 
large plant material planned for the 
south side should be deciduous. 
Deciduous trees and plants lose their 
leaves in winter. These allow most of the 
sunlight to reach the wall surface. 
Deciduous plants can, however, 
reduce the amount of solar radiation 
received. Because of the trunk, branches, 
and twigs, less sunlight passes through 
deciduous plants. The larger or more 
massive the trunk, branches, and twigs, 
the less sunlight reaches the building. 
The reduction of solar radiation can be as 
little as 25% from trees with an open 
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In winter, the sun's path 
across the sky will be low 
enough to penetrate and 
warm south-facing windows. 
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character, and up to 60% for trees with 
dense foliage. 
Solar geometry is critical for shading. 
Seasonal changes in sunrise and sunset 
will also influence plantings and shad-
ing. In the winter the sun rises and sets 
well to the south of East and West. This 
corridor for solar access should not be 
obstructed. In summer, however, the sun 
rises and sets to the north of the 
east/west line. The sun's position in sum-
mer not only radiates the south wall, but 
the east and west walls as well. Protect-
ing this corridor with shading can en-
hance summer comfort. 
------
SHADING 
In warm weather months, the east wall 
of a house is fully exposed to morning 
sun until 11 o'clock. The south wall and 
roof take direct heat from 11 to 1 o'clock. 
For the remainder of the day, the west 
wall is subjected to the sun's heat. 
Though the heat is more intense during 
the middle of the day (because it is shin-
ing down at nearly a 90 degree angle), 
the duration of solar exposure is longer 
in morning and evening. Thus, east, west 
and southern exposures are handled dif-
ferently in terms of shading. Use the 
chart on page 6 to help you plan shad-
ing. The illustrations on the next page 
show how the time of day and season af-
fect how much sun strikes the house. 
The sun's angle is high in summer 
and low in winter. Roof overhangs 
on the south-facing side of the 
building will shade windows in 
summer; trees can be used to shade 
east-and west-facing walls. 
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During summer, trees and roof overhangs provide shade. These 
illustrations show how shadow patterns change during the day. 
Shadows at noon 
Shadows at 6 a.m. 
Early afternoon, about 3 p.m. 
Mid-morning at 9 a.m. 
Late morning 
Landscaping for Energy Conservation 
6 p.m. 
5 p.m. 
w 
4 p.m. 
3 p.m. 
7 p.m. 
2 p.m. 
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Use this chart to plan landscaping. A scaled drawing of your 
house can be placed on the chart. Orient your drawing by using 
the compass headings. The text will guide you in tree placement. 
N 
1 p.m. noon 
s 
Eastern Exposures 
Recommendations for the eastern ex-
posure are less precise than for the south 
and west. On the east side of a building, 
the heat build-up is potentially less sig-
nificant. From sunrise until9 o'clock, 
there is not a significant build-up of heat 
because of overnight cooling (resulting 
from the previous day's heat being 
"re-radiated" into the night time sky). Cool-
ing is reduced by cloud cover, as clouds 
trap the heat near the ground. In cooler 
climates, this early morning sunlight 
may actually be welcome. But in hotter, 
humid climates, any morning heat, 
added to that which already exists, 
would further increase the discomfort 
level; therefore, shading of the east wall 
is recommended. 
For early morning shading, place a 
tree at approximately the 6 o'clock a.m. 
position on the chart on the next page. A 
30-foot tree should be placed about 15-20 
feet from the house to gain the maxi-
mum area of shadow. If less distance is 
available, a small tree closer to the build-
ing will do. Plan tree placement to shade 
east windows. 
By 9 o'clock, the heat build-up of the 
sun has reached a level to require shade, 
regardless of geographical location. For 
this late morning shading, the tree 
5 a.m. 
6 a.m. 
7 a.m. 
E 
8 a.m. 
9 a.m. 
should be located at the 10:30 to 11 
o'clock position. This tree should be at 
least 30-40 feet high and no further than 
18-20 feet from the building. This place-
ment will not only shade the southern 
half of the east wall: It will protect a por-
tion of the roof and the eastern portion of 
the south wall. Similarly, another tree of 
the same height and distance from the 
house in the 1 :30 or 2 o'clock position 
would afford the same type of protection 
to the west portion of the south wall and 
the southern portion of the west wall. 
Southern Exposures 
Shade trees are not effective for shading 
the south wall unless the trees are 
planted very close to the building. Sum-
mer sun hits the south wall from 11 to 
1:30. This coincides with that period 
when the sun is at its highest altitude, 
which means that the length of the 
shadow is very shallow. The shadow will 
not extend very far beyond the tree 
crown. In this situation, the only effec-
tive shading of the south wall would be 
the roof overhangs, which, if wide 
enough, will cast shade well down the 
building wall. 
Sun shining from the 12 o'clock posi-
tion strikes the building walls at an obli-
que angle. The sun's heat, however, is 
more readily absorbed when it shines 
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perpendicular to a surface. Therefore, the 
noonday sun causes less heat build-up 
on the south wall than does the lower al-
titude sun on the east or west wall. The 
roof area facing the South is vulnerable 
to major heat gains for the very reason 
that the sun is close to perpendicular to 
its surface. 
Where possible, large shade trees, 
close to the house, might provide shade 
to the roof. Such trees should carry their 
lower branches high enough to avoid 
damage to shingles. 
Although trees do not reduce heat 
build-up on the south side of the house 
they may still be used for aesthetic pur: 
poses. Trees on the south, however, will 
reduce winter solar radiation. 
Western Exposures 
By the time the sun reaches the western 
quadrant, it has gained the maximum 
heat build-up. Any sun reaching the 
west wall causes maximum heat gain. 
The wall absorbs the sun's heat, where it 
is conducted through the wall and into 
the west-facing rooms. The rate of con-
duction will depend on the building 
material. The time delay involved in 
moving the heat through the wall 
materials is called thermal lag. Thus, it is 
often 10 o'clock at night before the 
daytime heat absorbed by the outside 
wall is reradiated into the house. These 
rooms remain at a higher temperature all 
night. For this reason, total shading of 
the west wall is important. 
The landscape plan provides four large 
shade trees and additional shading on the 
west wall from dense shrubbery. 
Landscaping for Energy Conservation 
The sun's low angle late in the day heats west-facing rooms. 
Total shading of the west wall eliminates overheating. 
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If space is not available for more than 
one tree, locate the tree at the 5 o'clock 
position. A large tree, located further 
from the house, will cast longer shadows 
because of the low altitude of the sun. 
Along with this tree, include four or five 
good linear shrub plantings (or a fence) to 
intercept the radiation from the sun's 
rays passing underneath the crown of 
the tree. As much shading as possible on 
the roof area, especially in early after-
noon, would also be advisable. 
For west-facing wall exposures, re-
search indicates that every 1000 sq. ft. of 
wall area subjected to long term solar 
radiation requires an additional one ton 
air-conditioning capacity to keep ad-
jacent rooms within the human comfort 
zone. Every 55 sq. ft. of glass area 
radiated also requires an additional one 
ton of air-conditioning capacity. You can 
save money on air conditioning if you 
shade the house with trees. 
MORE ABOUT SHADING 
Vines can be used to shade wall areas. 
Vines grow on surfaces either by twist-
ing over a lattice framework or by attach-
ing themselves to the wall with tendrils. 
Tendrils can damage older masonry 
structures. Vines may be useful in shad-
ing newer masonry buildings that use 
portland cement mortar because the 
mortar is harder and less likely to be 
damaged by vines. 
In most cases, however, allowing the 
vines to grow over a lattice framework 
offers several ad vantages. It provides a 
dead air space between the vine and the 
building, enhancing cooling and avoid-
ing moisture damage to wood siding. 
(Vines can trap moisture and excess moisture 
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A lattice frame, hinged 
at the bottom, allows 
the frame to be laid on 
the ground. Building 
maintenance and 
painting can be 
acheived without 
damageing the vine . 
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may cause paint to mildew or wood to 
deteriorate.) A lattice frame, hinged at the 
bottom, allows the frame to be laid on 
the ground. Building maintenance and 
painting can be achieved without caus-
ing serious damage to the vine itself. 
Shrub planting, either evergreen or 
deciduous, along the building facade, 
will provide shade for the lower wall sur-
face. If these plants are sufficiently dense 
and twiggy, they will also hold snow in 
winter. Trapped snow will further insu-
late the house against cold air infiltra-
tion. The height, arrangement, and com-
position of these plants should be careful-
ly planned according to the building 
design and the overall landscape plan. 
CONTOURS OF THE LANDSCAPE 
While plants play a large part in reduc-
ing the energy demand for heating and 
cooling, other elements influence the 
microclimate around a house. The land's 
contours, the landscaping materials, 
structures (fences, tall buildings), and spe-
cial features, such as water, are all impor-
tant. Every change in the landscape al-
ters the microclimate, creating tempera-
ture fluctuations that can make the dif-
ference between comfort and discomfort. 
A house located on a south or 
southeast slope will get a lot of sun. A 
house on a western slope will get late 
afternoon sun. A house on a north slope 
will be on the coldest side of a hill. The 
ideal location will depend on whether 
heating or cooling is a greater problem, 
but generally a house located below the 
crest is the best location. 
If you live in a low area, study the 
cold air drainage patterns. These pat-
terns will be the same as surface water 
drainage. The downhill flow of cold air, 
following the path of least resistance, can 
be easily' diverted by vertical elements-
hedges, dense shrubbery, walls, or fen-
ces. If you place these landscape ele-
ments carefully, air flow can be chan-
neled to avoid cold air build-up around 
the house. 
Locating these barriers diagonally 
across a slope provides better protection 
than a horizontal barrier. Cold air would 
eventually overflow a horizontal barrier 
like a mighty waterfall. The barrier must 
be dense all the way to the ground be-
cause the coldest air is next to the 
ground. 
A cold air mass moving down hill can be 
diverted by planting a windbreak. 
SUBSCRIBE NOW! 
Don 't miss the next eight issues of 
Council Notes . Once you're on our 
subscription list, we'll send you our 
newest pub I ications as soon as they are 
printed . Publications are issued 
quarterly. To place an order, call : 
1-800-336-0616 
Visa and Mastercard accepted . 
Landscaping for Energy Conservation 
SURFACING MATERIALS 
All the surfaces around the house are 
heated by the sun. Ultimately, these 
things become little "suns," giving out 
light and heat of their own. This occurs 
in all seasons and can be an advantage or 
disadvantage. The choice of surfacing 
material will have a significant influence 
on the temperature radiating toward the 
house. 
The darker, denser materials of as-
phalt, sand, and earth absorb heat more 
readily and raise the temperature of the 
surface layer of air above them. Grass is 
generally 10 to 14 degrees cooler than the 
temperature of one of these materials. As 
the length of grass increases, the tempera-
tures above are even cooler. This sug-
gests that ground covers, whose foliage 
may be up to 12 inches high and layered 
with air spaces, will provide significant 
cooling during the summer heat. 
Where concrete or asphalt walks, 
drives, or patios are placed near the 
house, the planning for shade becomes 
critical. Other areas around the house 
should be in grass or ground cover in-
stead of bare soil or rock mulch. 
One tree, through its air-conditioning process of moisture 
evaporation, provides the cooling equivalent of five 10,000 
Btu air conditioners. 
-
-
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Stone or gravel will absorb heat from 
the sun and reradiate it toward the 
house. Although white stones or gravel 
reflect more of the sun's heat than they 
absorb, there remains enough heat in the 
stone to heat the air above it. These ag-
gregate ground covers also add an an-
noying glare. Obviously, very dark-
colored or black stones and gravel are 
especially bad. Because of their dark 
color, they absorb the maximum heat 
from the sun. By mid-day they can be ex-
ceedingly hot. 
Light reflection and reradiated heat 
are not always negative factors. Consider 
the north side of a building which is 
often dark and gloomy because of 
restricted window areas and lack of sun-
light. Reflected light from fences or 
walls, if painted white or light colors, 
will add to the interior light level. Since 
the north side of the house is also colder 
in winter, these same structures can be 
designed to reflect accumulated heat to 
the north walls. 
TREES AND SHRUBS 
The effect of surface heat can be reduced 
by planting trees and shrubs. A cooling 
process occurs when plants evaporate 
large amounts of water into the atmos-
phere. As a plant evaporates moisture 
from the liquid state to that of a gas, the 
air temperature is reduced. This is called 
a latent heat process. One tree, through its 
air conditioning process of moisture 
evaporation, provides the cooling 
equivalent to five 10,000 Btu air con-
ditioners. 
Temperatures under trees can be 15 to 
25 degrees cooler; cool air, being heavier, 
sinks to the ground. This is especially 
noticeable when the tree is located next 
to a concrete area. 
WIND 
In overheated periods, the wind can help 
reduce energy demands and add to 
human comfort. However, during under-
heated periods, effects of wind can great-
ly increase our energy consumption. 
When the wind ventilates an area or 
building, it evaporates moisture, and it 
cools by accelerating convective and con-
Building Research Council 
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ductive heat transfer. (Heat always moves 
from the warmer to the cooler surface. This 
transfer of heat, via air or water, is called con-
vective heat transfer, while the transfer of 
heat between two surfaces in direct contact 
with one another is a conductive heat trans-
fer.) 
In summer, the prevailing wind and 
local breezes should be directed over the 
In summer, maximum air flow through the house is desirable. 
Convective and conductive cooling occurs as wind passes 
over the house. 
In the wind shadow of a large evergreen, the house is protected 
from buffeting winter winds. The row of shrubbery lifts the 
wind up and over the house. 
property. During the cold months, bar-
riers should be used to reduce the impact 
of the wind in order to decrease infiltra-
tion of air through cracks, crevices, and 
pores of surfaces, and to reduce heat 
transfer through convection and conduc-
tion. 
Landscaping for Energy Conservation 
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Windbreaks 
Evergreen trees are the best natural 
material for slowing down the wind; 
however, properly designed fences can 
also be effective. Such barriers are com-
monly called windbreaks. 
Windbreaks should be located up-
wind from the house and at right angles 
to the wind. In most sections of the 
country, this will be the west and north 
sides of the property. These directions 
might change for those locations with 
significant topographic changes or large 
structures nearby. Check the wind pat-
terns near the house to make sure you 
know the wind direction for each season. 
Patterns of drifting snow can help you 
determine wind direction or you can 
contact your local weather service. 
The layout and depth of the 
windbreak will depend on the space 
available. Large evergreen trees, planted 
three rows deep and staggered row to 
row, make an ideal windbreak. Rows 
should be 10 to 12 feet apart, with the dis-
tance between trees 6 feet. 
On smaller properties, use narrower 
growing evergreens, such as arborvitaes, 
junipers, and yews. Hemlocks could also 
be considered because of their tolerance 
to shearing. Yearly trimming would keep 
their height and width to the size desired. 
The greatest protection from a 
windbreak will fall within a zone that is 
equal to the height of the windbreak mul-
tiplied by five. Significant protection ex-
tends to an area 10 times the height of 
the windbreak's trees. 
In cities, the best protection from 
wind might be a fence. Since 6 feet is the 
maximum height permitted for fences, 
the zone of protection will be reduced. 
For maximum protection, fences should 
be close to the areas needing protection. 
A good windbreak fence is constructed 
of vertical boards that are relatively nar-
row, with space between to allow the air 
to move through but at a reduced speed. 
A windbreak fence made from vertical boards with spaces between 
for air passage is good protection. 
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ENERGY CONSERVATION IN 
THE HOME 
Small Homes Council-Building Research Council 
University of Illinois at Urbana-Champaign 
ENERGY COSTS IN THE FUTURE 
Although the use of energy in the United States has 
not increased as rapidly in recent years as in the past, 
it is still increasing. The same is true of the rest of the 
world. Since there is a limited supply of fuels, the 
price of oil, gas, and electricity can be expected to 
rise. Enormous expenditures are required to: 
• explore for oil and gas at greater depths and in 
remote areas, including the ocean floor, and to 
move them to the consumer. 
• pay prices arbitrarily established by foreign na-
tions, which are already supplying more than 
half of our petroleum needs. 
• construct nuclear power plants, especially 
those with advanced technology. 
THE BROADER CHALLENGE 
Even though your contribution toward energy con-
servation may seem small, the last decade has 
proven that the combined efforts of millions of 
people can greatly reduce total energy use. There 
are many factors to consider in saving energy: 
Quality. A wide range of quality and efficiency 
exists in appliances such as furnaces, air con-
ditioners, washers, dryers, vacuum cleaners, etc. To 
save materials and energy, as well as operating and 
service costs, greater emphasis on quality and ef-
ficiency is needed. 
Obsolescence. Throw-away items and planned 
obsolescence violate the principles of conservation 
and best use of resources. 
Fire Losses. Valuable materials are wasted by 
fire, as well as the energy expended in their produc-
tion and assembly. 
Vandalism. Replacement costs of broken win-
dows, damaged furnishings, and graffiti removal in 
schools and public facilities are outrageous wastes 
of funds and resources. 
Safety. Accidents in the home, at work, and on 
the highway waste lives and energy. 
• extract sulfur from coal and haul low-sulfur 
coal to distant power stations, to reduce the 
problem of acid rain. 
• build "clean" power stations with complicated 
scrubbers to remove sulfur dioxide from the 
flue gas. 
• eventually develop plants to convert oil shale, 
tar sands, and coal to gas and liquid fuels. 
• develop other sources of power, such as solar, 
geothermal, tides, etc. 
These costs, plus interest on long-term investments 
in the facilities, will be paid by the consumer as 
higher prices. Any reduction in present energy con-
sumption will extend the present energy supplies 
and reduce inflation. 
Multi-family Dwellings. For equal floor space, 
multi-family dwellings require less energy to build, 
heat, and cool than single-family homes. 
Ventilation. Reducing ventilation rates in public 
and commercial buildings, particularly during 
periods of low occupancy and in no-smoking areas, 
as well as reducing infiltration in homes, produces 
significant energy savings. 
Illumination. Much commercial lighting is 
brighter than needed. Reducing illumination saves 
energy used to produce the light and that used to 
remove the heat given off by the lights. Outdoor 
lighting should be reappraised. 
Transportation. Energy requirements for 
transportation are large, and portable fuels, such as 
gasoline and diesel oil, are in shortest supply. Mass 
transportation, smaller vehicles, lower speeds, and 
more efficient engines will save energy. 
Industrial Heat. While great strides have been 
made, additional engineering improvements can 
continue to find ways to use the heat now lost from 
power stations, smelters, kilns, heat-treatment fur-
naces, and other industrial plants. 
CHECKLIST FOR ENERGY CONSERVATION IN THE HOME 
Future shortages of some fuels may require shifts in 
energy sources. Heating systems should be planned 
for possible conversion to other fuels or electricity. 
Oil may be too valuable as petrochemicals or as a 
transportable fuel to be used for home heating. 
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Energy conservation requires a constant aware-
ness of how resources can be conserved. A major 
breakthrough in research could make an unlimited 
energy supply commercially feasible. Meanwhile, 
we need to live as though our energy supply is not 
to be consumed as if there were no tomorrow. 
More than one-fifth of our total energy usage is 
for the heating and cooling of dwellings, offices, 
schools, and factories. To help you in your efforts to 
reduce energy usage, this publication provides a 
checklist of ways to reduce heat loss in the winter 
and heat gain in the summer. Most successful ener-
gy conservation plans consist of many small items 
rather than any one large step. Whether large or 
small, each reduction pays dividends for years. 
University of Illinois SHC-BRC 
CONSERVATION THROUGH OPERATION 
Winter 
1. Windbreak planting. 
Winter winds increase heat 
loss from buildings. A tall 
fence or a dense growth of 
evergreens will reduce 
wind impact. 
2. Fireplaces. Be sure to close the damper when 
the fireplace is not in use. Glass doors for the 
fireplace can also be effective. An outside air intake 
for the fireplace will reduce the amount of house air 
flowing up the flue. 
3. Ventilation. Exhaust 
fans in the kitchen and bath 
remove heated air from the 
house. Downdraft range 
fans exhaust about three 
times as much air as range 
hoods. Less smoking and 
cooking odors will reduce 
the need for ventilation. 
4. Air leakage. Enough air leakage occurs in 
most houses without opening windows or doors. 
The only need to open windows in cold weather is 
to reduce odors or humidity. Tight houses may need 
an air-to-air heat exchanger. 
5. Clothes drying. Air drying of clothes reduces 
dryer use. Venting an electric dryer into the house in 
cold climates conserves heat but can cause moisture 
and lint problems. A lint trap should be installed 
and indoor venting discontinued if there is a mois-
ture problem. Gas dryers must be vented outside the 
house. 
6. Closing rooms. Unoccupied rooms can be 
closed and the heat shut off. Do not close return air 
grilles or more than one-third of all supply registers. 
Room temperatures should be at least 40"F. 
7. Attached garages. Outside doors should be 
closed except for use. Garages housing the furnace 
and/ or water heater should be fully insulated. 
8. Storm sash (or double glazing). Install or 
close storm windows early in the heating season or 
leave them closed year around where windows are 
not used for ventilation. Triple-glazing, double 
glazing with low-emissivity coatings, or argon-
filled glazing may be justified. "~-:--
9. Outside doors. Install a 
storm door with a door closer 
or an insulated metal door 
with a magnetic weather- . . • 
stripping system. . I·; · i f ~ 
10. Caulking. Caulk all cracks around ~dow 
and door frames, where wood meets masonry, and 
where pipes penetrate walls. Acrylic, urethane, or 
silicone-based caulks last longer than oil-based. 
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Summer 
11. Shade planting. Tall 
deciduous trees on the East, 
South, and West sides will 
reduce solar gain of walls, 
windows, and roofs. See 
B3 .1, Landscaping for Energy 
Conservation. 
12. Cooling unit. New units may take 30-40% 
less energy than older ones. The minimum accept-
able SEER rating for a new unit is 9.0. The compres-
sor-condenser unit should be shaded by a building, 
fence, or plantings. Remove leaves, grass, and dust 
from the condenser fins. 
13. Lighting. Lighting should be adequate but 
not excessive. Smaller bulbs may be appropriate. 
Fluorescent lights are more efficient than incandes-
cent bulbs. Turn off lights when the room is not oc-
cupied. 
14. Clothes drying. Air drying of clothes out of 
doors is more practical during the summer and uses 
the least energy. All dryers should be vented out-
doors in mild or warm weather. Damp drying, then 
finishing on a hanger, reduces wrinkling. 
15. Appliances. Opera- •1']11! 
tion of dishwashers, clothes 
washers and dryers, and 
ovens (including the cleaning 
cycle) should be delayed (;~·-··· (
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until late evening when ~ 
power loads are less and air 
conditioners more efficient. 
16. Microwave units. Microwave cooking units 
use less energy than a range for heating small quan-
tities of food, or even a cup or so of water. Using a 
microwave for thawing frozen food is a waste of 
energy during the cooling season. 
17. Water conservation. 
Any saving of water in bath-
ing, laundry, cooking, or 
gardening saves pumping 
energy Hot water should be 
used conservatively and at 
the lowest practical tem-
perature (dishwashers need 
water at 140"F.). Insulate the 
water heater tank to reduce 
the operating cost and the 
heat gain to the house. 
18. Pipe insulation. All hot water pipes in crawl 
spaces should be insulated to reduce heat loss from 
pipes and waste of water during each faucet opera-
tion. Insulating water piping reduces the chances of 
freezing in the winter and warming of the cold 
water supply during the summer. 
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Winter 
19. Basement. When the basement is used for 
other than storage, the walls and windows should 
be insulated. If used only for storage, the ductwork 
and the floor above should be insulated and the 
basement be kept unheated. 
20. Crawl-space vents. Vents should be closed 
during the winter unless the furnace is in the crawl 
space, or there is a moisture problem. Moisture con-
trol is discussed in F4.4, Crawl-Space Houses. If the 
vent cannot be closed, an insulating panel can be in-
serted. The vents may remain closed during the 
summer if there is no moisture problem. 
21. Mobile home foundation. Insulated skirting 
should be installed to reduce air flow and raise the 
temperature below the structure. 
22. Attics. Vents must be left open to allow mois-
ture to escape from the attic. Therefore, adequate 
ceiling insulation is a necessity. (See page 6.). 
23. Attic ducts. All air INSULATION 
~~~=t~::~::;~: ~I 
ducts is totally wasted. · · 
24. House insulation. A well-insulated house is 
comfortable at a lower air temperature than a poor-
ly-insulated house. (See page 6.) 
25. Clothing. Warmer 
clothing, including the 
covering of arms and legs, 
will enable a person to be 
comfortable at lower air 
temperatures. 
26. Thermostat setting. Each 1 "F reduction in the 
room thermostat setting can save 2-3% in fuel. Vaca-
tion settings should not be below about 50 "F. 
27. Night setback. A 
setback of 10 "F at night 
may save as much as 7% 
in fuel for poorly insu-
lated houses and much 
less for well-insulated 
houses. Do not use night 
setback if the outdoor 
temperature is below O"F 
because the morning 
recovery takes too long. 
28. Register settings. Balance the heating system 
with duct or register dampers to prevent overheat-
ing some rooms. Partially close bedroom registers to 
keep them cooler. Unused rooms should be main-
tained at 50 OF or above. Do not close more than one-
third of fhe supply registers in the system. 
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Summer 
29. Recycling. All materials require energy in 
their production. Any reuse or recycling of materials 
will save energy spent in production or disposal. 
30. Cooking. The oven 
is more efficient than sur-
face units when several 
dishes are cooked at one 
time. Use lids on pans to 
retain heat and moisture. 
Microwave units are 
more efficient for small 
quantities. Outdoor cook-
ing reduces odors and 
heat input to the house. 
31. Storm windows. Double glazing reduces 
summer heat gain. Leave storm windows closed ex-
cept on windows needed for ventilation. 
32. Register settings. Re-balance the air distribu-
tion system for cooling. Close basement supply 
registers. Close doors on stairwells or room doors 
on the upper levels to control downward flow of 
cooled air. 
33. Dehumidification. When a dehumidifier is 
used in the basement, keep basement doors and 
windows closed. 
34. Drainage. Land-
scaping should be sloped 
to divert water away 
from the foundation. 
Water collecting around 
the foundation may 
cause a damp basement 
or crawl space, requiring 
a dehumidifier. Window 
wells and areaways can 
be covered with glass or 
plastic to divert rain 
water. 
35. Crawl space. A polyethylene vapor barrier 
should cover the entire soil surface to control mois-
ture evaporation into the house. 
36. Crawl-space vents. These may be opened in 
summer if there is a standing water problem. Con-
densation on the bottom of the polyethylene vapor 
barrier is normal and not a problem. Opening vents 
can cause condensation on uninsulated cooling 
ducts in humid climates. 
37. Attic. Open attic windows for ventilation to 
reduce attic temperatures, which can reach 140"F in 
a closed attic. 
38. Windows. In air conditioned houses, keep 
windows closed in humid weather, even with mild 
outdoor temperatures, and operate the cooling sys-
tem to control indoor humidity. 
University of fllinois SHC-BRC 
ENERGY CONSERVATION THROUGH PREVENTIVE MAINTENANCE 
39. Servicing and adjustments. When serviced 
annually, heating and cooling equipment will 
operate more efficiently and replacements will be 
deferred. The following adjustments by a com-
petent service person will produce energy savings 
with greater comfort. 
40. Warm-air systems. Check and clean burners, 
oil fan and motor bearings, inspect fan belt (if there 
is one), and replace or clean air filters. Return-air 
grilles should be vacuumed as necessary. Adjust 
controls for continuous air circulation during 
average cold weather. The start setting of the blower 
switch should be about llO"F and the cut-out about 
85 "F. Approved automatic vent dampers may be 
cost-effective in multi-story houses with a strong 
chimney draft. 
41. Hydronic (hot-water) systems. If the boiler is 
being used for space heating only, for maximum 
economy, the thermostat should operate both the 
burner and the circulating pump. If the boiler is used 
for both space heating and heating domestic hot 
water, the boiler set temperature should be at the 
lowest point which will provide the required hot 
water temperature. In gas-fired systems, it may be 
justifiable to install a separate water heater and use 
the boiler only for house heating. 
ENERGY CONSERVATION THROUGH EQUIPMENT SELECTION 
High-efficiency heating systems. There have been 
significant advances in the design of furnaces and 
boilers in the last 15 years. Heating units converted 
from coal to gas or oil may have an efficiency as low 
as 45%. Gas- and oil-fired units made before 1965 
often have AFUE efficiencies as low as 55%. Units 
produced from 1960-1975 seldom had efficiencies 
greater than 65-75%. The current market still in-
cludes atmospheric furnaces and boilers, both gas-
and oil-fired, with efficiencies in the 65-75% range. 
A second category of heating units, using electric ig-
nition and an automatic flue damper or an induced 
draft fan, operate in the 78-85% range. A third 
category of very high efficiency furnaces and boilers 
operates in the 88-96% efficiency range. 
As the efficiency increases, so does the price and 
the complexity of servicing. Units of the highest ef-
ficiency may be difficult to justify economically, but 
the 78-85% range can nearly always be justified in 
the new or replacement market. After 1991, the 
manufacture of units having an AFUE efficiency of 
less than 80% will be prohibited. It is difficult to jus-
tify replacement of a working furnace or boiler with 
an efficiency of 65% on the basis of efficiency alone. 
Units with efficiencies below 50% unquestionably 
should be replaced. 
High-efficiency cooling systems. The design of air 
conditioning units, both central and window, has 
changed substantially also. Units manufactured 
before 1975 usually had a Seasonal Energy Efficien-
cy Ratio (SEER) of 6.0-6.5 Btu of cooling per watt of 
electricity used. Units are now available with a SEER 
of 10-14. As efficiency increases, so does the price. 
However, no new unit with a SEER of less than 9.0 
should be considered, as that will be the minimum 
efficiency required after the 1991 deadline. Units 
with a SEER of more than 11 may not provide ade-
quate dehumidification in very humid climates. In 
areas with high summer electrical rates, replace-
ment of an older unit that is still operating may be 
economically justified, since savings in operating 
costs of 30-40% are possible. 
ENERGY CONSERVATION THROUGH DESIGN AND CONSTRUCTION 
In winter, the dwelling must shield the occupants 
from outdoor cold, precipitation, and wind. In sum-
mer, it protects against outdoor heat, humidity, and 
sun. 
Insulation and multiple glazing are effective in 
all regions, not only to save heating energy in winter 
but also to save cooling energy in summer. In-
creased winter comfort is also provided by the 
warmer surface temperatures resulting from insula-
tion and multiple glazing. In each of the following 
items, the numbers in Btu per hour (Btuh) indicate 
the heat loss from a particular component of the 
house. The total heat loss is the sum of the losses 
C1 .5 Energy Conservation in the Home 
from the ceiling, walls, windows, doors, and foun-
dation, plus the loss from air infiltration. The total 
heat loss is used to size the heating equipment and 
is proportional to the annual heating energy costs. 
The pre-calculated values given are for standard 
frame construction, exposed to an outdoor tempera-
ture of -7"F and a 15 mile per hour wind, while 
maintaining an indoor temperature of 68 "F. The attic 
temperature is assumed to be 3 "F. Each 1000 Btuh of 
design heat loss represents 2 to 3 gallons of oil, or 3 
to 4 therms of gas, or 55 to 80 kWh of electricity per 
year for each 1000 heating degree-days. Use your 
local weather data. 
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42. Ceiling insulation. The values at the right 
show the heat loss of each 1000 square feet of ceiling 
area with an attic space above. For a 30 ft. by 50 ft. 
ceiling (1500 square feet), the heat loss will be 1.5 x 
4000, or 6000 Btuh for a 4-inch thickness of mineral 
wool insulation (or equivalent) in the ceiling joist 
spaces. The same ceiling with 9-inch-thick insula-
tion would lose 1.5 x 1860, or 2790 Btuh. When the 
insulation exceeds 12 inches, the heat loss through 
the ceiling becomes almost negligible. For com-
parison, four occupants give off about 1800 Btuh. 
The temperatures at the far right are the surface 
temperatures of the ceiling facing the occupant. A 
person loses less heat to warmer surfaces (such as 
ceilings, walls, windows, and floors) and is more 
comfortable as surface temperatures approach the 
room temperature of 68 'F. 
43. Wall insulation. For typical frame construc-
tion, each 1000 square feet of wall surface, exclud-
ing windows and doors, will show the heat loss 
indicated. For example, a house having 1300 square 
feet of net wall surface will lose 1.3 x 4725 or 6140 
Btuh with 3Y2-inch mineral wool batts in the wall. 
The SY2-inch insulation is based upon 2x6 wall 
framing, and the 81/2-inch and 10'l2-inch thick-
nesses on double-framed walls. This construction 
requires deep window and door frames, available at 
extra cost. Foam plastic sheathing is about 
equivalent to twice its thickness in mineral wool. 
44. Windows, operable. The heat loss through 
windows is the combined loss through the glass 
and the loss of heated air through the cracks around 
the window unit. If a house has 150 square feet of 
single-glazed windows without storm sash, the 
heat loss may be as much as 15 x 1050, or 15,750 
Btuh. High-performance glazing units, combining 
low-emissivity coatings and inert gas fill, are be-
coming popular. 
45. Windows, fixed. Tightly sealed fixed win-
dows will lose heat through the glass, but have no 
air leakage. The values shown are for each 10 square 
feet of window area. For example, a picture window 
that is 4ft. high and 6ft. wide (24 square feet) will 
have a heat loss of 2.4 times the number shown. 
46. Doors, outside. Doors have considerable 
leakage around the frame even when closed, and 
this has been included in these calculations. An in-
sulated steel door with magnetic weatherstrip may 
be the best combination. The losses are given for a 
standarq door 3ft. by 6ft. 8 in. (20 square feet) and 
1t4 in. thick. 
Page6 
Insulation 
Thickness Btuh 
23000 
0" 1======;-----=..;;..;;...;;--1 
2" l===::::::;:----' 7200 
4" ~==;---
6" 1----.1 
9" 
12" 
15" 
18" 
Insulation 
Thickness 
Values are for 
1000 sq. ft. area 
Btuh 
1--------~~~ 
0" 1---------------~ 
1" 1========:;--__. 
2" 1--------' 
3 1/2" 1------' 
51/2" 
81/2" 
10 1/2" 
Values are for 
1000 sq. ft. area 
Btuh 
1050 
Ceiling 
Surface 
54.0°F 
63.6 
65.6 
66.3 
66.8 
67.1 
67.3 
67.4 
Inside 
Surface 
55.3°F 
61.4 
63.5 
64.8 
65.8 
66.5 
66.8 
Glass 
Surface 
Values are for 
10 sq. ft. area 
10.4°F 
40.4 
50.2 
63.7 
Btuh 
Single 850 
Double 
Triple Values are for 
High-Perf. 4.5R 10 sq. ft. area 
Door 
Surface 
Single ~---------_..;.3.;...90;...;.0_,1 40.0oF 
Storm~-:::::::::::: 2030 50.7 
Btuh 
University of fllinois SHC-BRC 
Glass 
Surface 
10.4°F 
40.4 
50.2 
63.7 
47. Basement foundation. A warm basement 
space provides warmer floors in the rooms above, 
and improved comfort conditions. Most basements 
are primarily heated by vagrant heat from the fur-
nace casing and ductwork. Heat lost from the base-
ment is just as expensive as heat lost from an upstairs 
room. To reduce heat loss from the basement, install 
storm windows, caulk the sill joint, and insulate the 
band joist and basement walls. For example, an 
uninsulated basement of 1500 square feet (30ft. by 
50 ft.) will lose 1.5 x 14,320 or 21,480 Btuh when the 
outdoor temperature is -7r. When properly insu-
lated, the same basement will lose only 1.5 x 6160 or 
9,240 Btuh. 
48. Crawl-space foundation. A warm crawl 
space reduces the heat loss through the floor above. 
In winter, vents in the crawl space should be closed. 
(If there are moisture and dampness problems, they 
must be corrected first.) The vents can remain closed 
during the summer if there are no moisture 
problems. This will reduce the problem of conden-
sation on the cooling ductwork. The indicated 
temperatures and heat losses are based on a tight 
space and an outdoor temperature of -T'F. For ex-
ample, a 30 ft. by 24 ft. floor over an uninsulated 
crawl space would have a heat loss of 0.72 x 6100 or 
4390 Btuh. By insulating the crawl space walls as in-
dicated, the loss can be reduced to about half that 
amount. 
49. Slab floor foundation. The heat loss from a 
slab floor occurs mainly at the edge of the floor ex-
posed to outdoors. An uninsulated 30ft. by 50 ft. 
slab floor would have a heat loss of 1.5 x 7800 or 
11,700 Btuh, if heating ducts or cables are not im-
bedded in the floor. 
Unheated edge 
No insulation' 
Insulation 
Btuh 
j7800 
15200 
Values are for 
1000 sq. ft. area 
C1.5 Energy Conservation in the Home 
Btuh 
No insulation~--------. 
Insulation . 16160 
143201 
Values are for 
1000 sq. ft. area 
Btuh 
No insulation~6100 
Crawl 
spac~ 
42.2F 
Floor 
surface 
62.4F 
Insulation I===J 2840 56.0F 
Values are for 
1000 sq. ft. area 
65.4F 
In an existing house, edge insulation can be in-
stalled vertically on the outside of the foundation 
and up to the lower edge of the siding. Extruded 
polystyrene or impregnated fiberglass boards will 
best resist moisture and temperature change. The in-
sulation should be protected from damage. 
Heated edge 
No insulation~ 
Insulation 
Btuh 
136501 
18450 
Values are for 
1000 sq. ft. area 
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Winter 
50. Building shape and size. A larger building 
usually has less heat loss per square foot, and a 
square building has less wall area per square foot. 
51. Roof overhang. A 
properly designed roof 
overhang on the south wall 
protects the wall from sum-
mer sun and exposes it to 
winter sun. Any overhang 
protects the wall surface 
against weather. 
52. Vestibule. A vestibule with an inner door 
reduces the flow of outdoor air into the living area, 
especially in homes with heavier traffic (children 
and pets). 
53. Window areas. For a given area, windows 
and doors lose more heat than walls. A double-
glazed window will lose seven times as much heat 
as a well-insulated wall. 
54. Earth protection. 
Caves served early man 
not only as protection 
against animals, but also 
as a constant tempera-
ture haven. Basement 
rooms or earth-bermed 
houses provide additional protection against 
weather. Homes fully underground present 
waterproofing problems and may lack fire exits 
from rear rooms. 
55. Inside chimney. A chimney inside the house 
gives off heat to the house. A chimney on an outside 
wall loses most of its heat to the outdoors and 
provides a poorer draft. 
56. Window treatments. Closing a tightly fitting 
shade or drapery (perhaps insulated) over a win-
dow will reduce heat loss but may cause condensa-
tion on the sash. 
57. Room over garage. 
The floor of a room over a 
garage should have 6 to 9 
inches of insulation in the 
floor, and a vapor barrier. 
The ceiling should have 
fire protection, such as 
Type X gypsum drywall. 
58. Sill sealer. A compressible filler placed on 
the foundation before the sill plate is fastened will 
reduce air infiltration. On older houses, the joint be-
tween the sill and the foundation should be caulked. 
59. Ventilation. Some air exchange (at least one-
half air change per hour) is needed to control odors, 
moisture, and other forms of indoor air pollution. 
An air-to-air heat exchanger will permit this ventila-
tion while minimizing heat loss. 
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Summer 
60. Building orienta- [I] 
tion. For a given build- j 
ing design, an East-West : ~ 
orientation will result in \ c:::::J 
less solar heat gain in the 
summer and more solar 
heat gain in the winter, particularly if there is a 
properly designed overhang. 
61. Roof surface. A light-colored roof surface 
reflects more solar heat than a dark-colored roof. 
This is not important if the attic is properly insulated 
and ventilated. A flat roof can be sprayed with a 
reflective paint or covered with white stone chips. 
62. Attic ventilation. The attic should be proper-
ly ventilated to remove solar heat gain. A proper 
combination of continuous overhang and ridge 
vents eliminates the need for power venting. 
63. Porches. A wide 
porch serves as an out-
side living space and 
shades the walls and 
windows against solar 
heat gain. 
64. East- and West-facing glass. Solar heat gain 
through unshaded East and West windows is twice 
as great as through equal-sized south windows. 
65. Shading effectiveness. Window shading 
devices reduce solar heat gain. Each shading 
method below can be compared. The priority of 
window treatment is East, West, and then South. 
Heat Gain Per West Window (15 sq. ft.) Btu/Hour 
Btu/hour 
0 
Single glass, unshaded 
Double glass, unshaded 
Triple glass, unshaded 
Single, heat absorbing 
Single, full length drapery 
Single, venetian blinds 
Single, roller shades 
Single, louvered screens 
Tree shade 
External shutter, closed 
II 
I I 
Council Notes are now being published regularly 
on a quarterly basis. For more information on cur-
rent housing topics, subscribe now. 
Introductory price! 2 years for only $5.00 
TO PLACE ANY ORDER, CALL 
1 - 800 - 336 - 0616 
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C1.6 WATER CONSERVATION 
WATER CONSERVATION 
This brochure has been prepared to show how to 
save a substantial amount on water and fuel bills 
while helping to conserve both water and energy. 
Water in the home is paid for both through the 
water bill and through the cost of the gas or elec-
tricity used by the water heater. If the hot water 
use is reduced -for example, running the dish-
washer and washing machine only with full loads 
and reducing the flow to the shower, the water 
heater will use less energy. It's quite likely that 
the cost of the energy used to heat water is greater 
than the cost of the water itself. 
After the water is used, it goes down the drain 
and through the sewer pipes to the sewage treat-
ment system, which is supported through direct 
charges to the householder or by tax dollars. The 
more sewage produced, the higher the costs of 
operating the treatment plant. The primary pur-
pose of that system is to treat toilet wastes, but it 
must also treat all the other water that comes 
through the system. The less water sent through 
the system, the better it can cope with the toilet 
wastes, thus helping to avoid or postpone the 
expense of building additional sewage treatment 
plants to handle an increasing volume of waste. 
COUNCIL NOTES Volume 2 Number 3 Winter, 1977 
© 1977 by The Board of Trustees of the University of Dlinois. 
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Resources Center of the University of Illinois at Urbana-
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While the reduction in flow through a municipal 
sewage treatment plant through the use of water 
saving devices and changes in living habits may 
not be significant, large reductions in the sewage 
flow to disposal systems on the owner's lot can be 
made. It may be possible to reduce sewage flows 
up to 40°/o for these systems. This could affect the 
size of the household treatment system, and may 
also permit increased use of soils which are poorly 
suited for septic tank drain fields with present 
systems. 
Water for the Future 
In many areas of the United States, people have 
assumed that there would always be an abundant 
supply of water. But in the past few years it has 
become evident that we cannot squander water 
forever, even where it has been abundant in the 
past. Recent drought years have lowered lake 
levels, reduced river flows, and depleted shallow 
aquifers while threatening some of the deeper 
ones. 
Some areas have always been subject to local-
ized short-period drought when rainfall was 
insufficient, but other factors have also begun to 
affect our water supply. The babies born during 
the population explosion following World War II 
are now setting up their own households at a 
national rate of 2 million per year. These new 
homes need a supply of fresh, clean water. Also, 
as households in small communities have con-
verted from individual wells to community distri-
bution systems, homeowners have become less 
careful about how they use water. At the same 
time, we are still fighting to clean up our polluted 
waters. Thus, more people need water at a time 
when less pure water is available. 
University of Illinois SHC-BRC 
How You Can Save 
How can water use be cut? Three simple ways are: 
checking for leaks, developing water-saving 
habits, and installing water-saving devices. Such 
devices are usually inexpensive and easy to 
install. 
Stopping Leaks 
Leakage accounts for between 5 and 10% of all 
residential water consumption. Most of this leak-
ag.e is due to worn-out faucet washers and faulty 
tmlet tank valves. Correcting these costly leaks is 
usually the easiest and least expensive way to 
reduce water consumption. 
Faucets. A leaking faucet wastes more water 
than most people realize. A leak of 1 drop per 
second can waste 7 gallons per day. A steady drip 
will waste 20 gallons per day. 
Faucet leaks are easy to see and comparatively 
easy to repair. Installing a new washer, a simple 
task, will usually correct the leak. If the faucet 
begins leaking again soon after the washer is 
changed, it may be necessary to replace the valve 
seat because it probably has a small scar on it 
which cuts the washer. "Do-it-yourself" books or 
hardware store personnel may provide useful 
advice. 
Toilets. A more serious type of leak occurs in 
toilet tanks, which can waste 200 gallons of water 
a day without making a sound. Since the leaking 
water runs from the tank into the bowl, it can't be 
seen. At water rates of $1 to $3.30 per 1,000 gallons, 
The conv~ntional toilet flush tank operates when the trip 
handle reuses the flush ball, allowing the water from the 
tank to flow into the toilet. The flush ball is hollow and traps 
a bubble of air, which causes it to float until the tank is 
nearly em~ty, ~hen it drops and shuts off the flushing action. 
The tank IS ~efilled w~en th.e float drops, opening the ball 
cock. ~he t01l~t bowl IS refilled by water coming through 
the refill tube mto the overflow while the tank is filling. 
C1.6 Water Conservation 
such a leak could cost $6 to $20 per month. Several 
things can cause toilet tanks to leak, and most of 
them are easy to repair. 
A simple way to check for a toilet leak is to 
remove the tank cover and place dye (food color-
ing or ink) in the tank, preferably ~t a time when 
the toilet will be unused for several hours. If the 
color seeps into the bowl, the flush ball needs to 
be replaced. Another simple way to check for a 
flush ball leak is to place a piece of toilet paper on 
the dry part of the bowl just above the water line. 
Since the water from the leak flows through the 
holes in the rim of the bowl, the paper will be-
come wet if there is a leak. The average life of a 
flush ball is seven years, and as it becomes older, 
the possibility of a leak increases greatly. A new 
flush ball can be purchased for less than $2, and it 
might be a good policy to change the flush ball 
every 5 years just to be safe. 
Infrequently, the valve seat is scarred and 
needs replacing. It can be tested by running a 
finger around the seat to see if it is completely 
smooth. It should be free of dirt or corrosion 
which would prevent a complete seal. Original 
seats are generally brass and may be replaced by a 
plumber. A kit which bonds a new seat to the old 
one with an adhesive is available for do-it-
yourselfers. 
Obviously, if the toilet tank continues to make 
noise after the flush-and-fill cycle is completed, 
something is wrong within the tank. Usually the 
problem is caused by the flush ball not fitting 
properly into its valve seat. This misfit is often 
caused by a bent or corroded guide wire or an 
improperly positioned guide arm. A replacement 
for the flush ball is available which uses a flapper 
assembly, eliminating the need for the guide 
wire and guide arm. 
There are two other common causes of loss of 
water that can be detected easily. If the water level 
in the flush tank is above the overflow tube, water 
will continually run out. This problem occurs 
because the float is set too high or the ball cock is 
leaking. The water level in the tank should always 
be at least 1/2 to 1 inch below the overflow tube to 
avoid leakage. If the ball cock is leaking, water 
may run directly into the overflow through the 
refill tube. Lowering the float or repairing the leak 
in the ball cock will prevent these losses. 
Another reason for the water to run out of the 
tank continually is a defective float. If the float 
leaks, it will not rise high enough to shut the 
water off after the tank refills, and water will over-
flow into the bowl. You can test the float by taking 
it off and shaking it. If you hear water inside, it 
should be replaced. Foam plastic balls cannot 
become waterlogged. 
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Reading the Water Meter 
After the faucets and toilets have been checked for 
leaks, there is one more thing that can be done 
to be positive that there are no leaks. The water 
meter should be read both before and after a 
period of several hours when no water is being 
used in the house. An ideal time would be over-
night, particularly if the family is warned in ad-
vance not to run water during the night. If the 
meter reads exactly the same in the morning as it 
did the night before, there is no leak. 
To read a dial-type water meter, look first for 
the cubic-foot dial on the meter. It has the words 
"one foot" written on it. To be certain which dial 
it is, watch the meter when a toilet is flushed; 
the cubic foot dial will move, probably at least 
halfway around the circle. One complete turn 
indicates that one cubic foot (or 7.48 gallons) has 
been used. The next dial to locate is immediately 
next to the cubic-foot dial and has the number 10 
written below it. Each time the indicator moves 
from one number to the next on this dial, it indi-
cates the use of 7.48 gallons. When the indicator 
has gone completely around the dial, 10 cubic 
feet (or 74.8 gal.) have been used. By reading 
these two dials you can determine exactly how 
much water you are using for any activity, such 
as showering, washing clothes, or dishwashing. 
All the dials on the meter may be read to keep 
a monthly check on the water used. The dials are 
read in order, beginning with the dial marked 10 
and continuing to 100, 1000, 10,000, and 100,000. 
If a pointer seems to be directly on a figure, it 
should be read as the lower figure unless the 
pointer on the next lower dial has passed zero. 
Some water meters read directly, much like 
the odometer in a car. Just as the dial-type meters, 
they read in cubic feet of water, not gallons. 
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Water Usage 
Most of the water used in the home is used to 
flush toilets. Table 1 gives an estimate of the 
amounts of water used by various appliances. 
These numbers are approximations because 
usage depends upon the make of the appliance 
and on the water-using habits of the household. 
For instance, both the length of a shower and the 
type of shower head can make a difference in the 
amount of water used. 
The exact amount of water used by any appli-
ance or activity can be found by reading the water 
meter before and after use. For accuracy, no water 
should be used elsewhere during the appliance or 
activity cycle. This information can help deter-
mine the water use and wastage in the home. 
Table 1 
Activity 
Toilet 
Shower 
Tub bath 
Dishwasher 
Clothes washer 
Lavatory faucet 
Garden hose 
1/z" 
5/s" 
3/4" 
Leaks 
1 drop/second 
steady drip 
1/32" trickle 
Water-Saving Devices 
Faucets 
Water Use 
5 gal/flush 
4 gal/min 
30 gal 
14 gal/load 
50 gal/load 
2 gal/load 
360 gal/hr 
600 gal/hr 
1140 gal/hr 
7 gal/day 
20 gal/day 
200 gal/day 
There are various devices on the market which 
reduce the flow of water through a faucet. Some 
operate by mixing air with the water and some 
actually control the amount of water which can 
pass through the faucet. Most are quite inexpen-
sive and easy to install. 
Aerators. These easily installed devices are in 
wide use on kitchen and bathroom faucets to 
reduce splashing. Because bubbles are intro-
duced, the flow of water seems greater than it 
Additional Information 
Milne, Murray. Residential Water Conservation. 
California Water Resources Center Report No. 35, 
University of Calfornia/Davis, March 1976. 
Sharpe, William. Water Conservation and Wasteflow 
Reduction in the Home . The Pennsylvania State 
University Cooperative Extension Service, University 
Park, PA. 
Simple Plumbing Repairs for the Home and Farmstead. 
Farmer's Bulletin No. 2202, U.S. Department of 
Agriculture, Washington, D.C., October 1970. 
University of Illinois SHC-BRC 
An aerator on a faucet reduces the tendency for the water 
to splash and makes a lower flow rate seem larger. 
actually is . Prices vary, depending on the material 
and the number of screens within the aerator. 
Spray Taps. Spray taps do not aerate the water 
but instead deliver it in a broad pattern like a 
small shower head. They are in common use in 
Europe but are fairly new in America. 
Thermostatic Mixing Valves. These valves 
permit mixing of hot ahd cold water to preset 
temperatures . Thus , water is not wasted in 
adjusting the hot and cold water taps. This feature 
is particularly valuable in the shower, since it 
enables the user to turn off the water while soap-
ing or shampooing and then turn the water back 
on to the preset temperature for rinsing. If there 
is no mixing valve in the shower, it is possible to 
buy a small device to be inserted between the 
pipe and the shower head which will temporarily 
cut off the flow of water from the shower head 
without changing the temperature. 
A spray tap does not introduce air into the water stream, but 
does spread the stream like a shower head, making a low 
water flow more efficient for rinsing. 
C1 .6 Water Conserva tion 
A shutoff valve near the shower head allows the user to tum 
off the water while lathering without disturbing the temper-
ature adjustment of the shower controls. 
Flow Regulators. There are two types of flow 
controllers- those that simply reduce the flow of 
water by creating a smaller opening (the orifice or 
restrictor type) and those that actually maintain a 
constant flow rate regardless of changes in water 
pressure (called a constant-rate device). Water 
pressure variations are not common in large 
public water supply systems but may occur in 
individual systems. The constant rate device is 
most valuable in cases of very high water pressure. 
A small plastic internal flow restrictor for the 
shower is shown below. A similar device is avail-
able which is inserted between the pipe and the 
shower head. 
g flow restrictor 
Since some shower controls only regulate the temperature 
of the water and not the quantity, a flow restrictor at the 
shower head will help conserve water. 
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While aerators reduce the tendency to splash, rinsing is 
still relatively inefficient. 
Devices that maintain a constant flow regard-
less of changes in water pressure are slightly more 
expensive (usually less than $10). One regulator 
also features a "laminar flow" effect so that the 
water clings to the object being washed. 
Generally, a flow reduction to 2 gallons per 
minute is recommended for lavatory faucets and 
3 gallons per minute for shower heads. A flow-
control device is not recommended for the kitchen 
faucet, where it may be necessary to obtain a 
large volume of water in a short period of time. 
Toilets 
Almost half the water used in the home is used for 
waste disposal through the toilet. A great many 
devices are available to reduce the amount of 
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Water use in the home. 
A "laminar flow" device causes less splashing, allowing 
the water to "cling" to the object being washed. 
water used to flush the toilet. Water saving 
devices such as are described below do not work 
equally in all brands and types of toilets, and 
some are more effective than others. Some de-
vices may require two flushes to remove all solids 
from the bowl; if so, they should probably be 
removed since they may actually increase water 
consumption. New toilet designs are appearing 
which eliminate this difficulty. 
Plastic Bottle. When the public first became 
conscious of the great amounts of water that were 
used in toilet flushing, many newspaper and 
magazine articles recommended placing bricks in 
toilet tanks to reduce the amount of water in the 
tank. Bricks are not recommended because they 
sometimes deteriorate in the water, and they can 
cause breakage if dropped. Instead, one or more 
clean plastic one-quart bottles filled with water 
and a small stone or sand (for weight) can be used. 
The bottles must be placed so they will not inter-
fere with the mechanism. This addition is pref-
erable to bending the float arm down to lower the 
water level. Lowering the level reduces the force 
with which the water flushes the bowl, perhaps 
resulting in unsatisfactory cleansing of the bowl. 
Toilet Volume Reducers. One such device is 
inexpensive plastic dam designed to reduce toilet-
flush water by 50%. The water in the lower part 
of the tank is prevented from flushing into the 
bowl, but the water level itself is not lowered. 
University of Illinois SHC-BRC 
A small plastic dam installed around the flush valve reduces 
the amount of water flowing from the flush tank into the 
toilet bowl without reducing the force with which it flows. 
Improved Float Assemblies. Float assemblies 
of improved design (eliminating the float and rod 
arm) save money both because they require less 
maintenance and because the water level can be 
adjusted easily, allowing it to be set at a level 
at which the toilet flushes efficiently while saving 
water . A float device that signals leaks is shown 
above right; each time the tank leaks a gallon the 
valve will open and quickly refill the tank. The 
sound of the tank refilling periodically at short 
intervals indicates that there is a leak to be re-
paired. (With a conventional ball cock the tank 
refills constantly if there is a leak, and noise 
might not be noticed.) These devices shut off 
much more quickly after a flush and thus are 
quieter. 
A "flap" type of flush valve replaces the flush ball and its 
system of wires and guides. Bent or binding guide wires 
are a major cause of flush ball leaks. 
C1.6 Wa ter Conserva tion 
An improved float valve refills more rapidly and signals the 
presence of a leak at the flush ball. 
Dual Flush. An interesting variation is the 
mechanism which makes it possible to select a 
small or large flush for either liquid or solid 
wastes. A single handle is pressed in one direc-
tion for a partial flush · and in the other direction 
for a full flush. The device replaces the existing 
flush mechanism but uses the existing fill system. 
Shallow Trap Toilet. If a toilet is to be re-
placed, or selected for a new house, there are 
shallow-trap toilets available which use only 
about 31/2 gallons of water for each flush instead of 
the usual 5 to 7 gallons. These toilets are now 
being made by several large plumbing manu-
facturers and are competitively priced. In some 
states they are required in all new plumbing 
installations. 
\ 
A dual flush mechanism permits a full flush to remove solids 
if the trip handle is moved in one direction, and a partial 
flush for liquid wastes if moved in the other direction. 
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WATER-SAVING TIPS 
0 Don't use the toilet simply to flush away facial 
tissues, paper, and other similar solid and liquid 
wastes (using a wastepaper basket is a lot 
cheaper). 
0 Flush the toilet less often. In most cases, 
several uses can be made of the toilet for liquid 
wastes before flushing is required. A deodorant 
and colorant block in the flush tank may make 
this practice aesthetically more acceptable. 
0 Take shorter showers. Unless a shower lasts 
seven minutes or less, bathing in the tub will 
use less water and will conserve energy. A kitchen 
timer is a useful bathroom accessory. The "Navy" 
shower- use water to get wet, turn off water 
while lathering, turn on water to rinse- uses 
the least water. The amount of water used in a 
tub-shower is easily determined by closing the 
drain during the shower. 
D When filling the tub, don't let water run 
down the drain until it gets hot. Instead, close the 
drain before turning on the faucet. The water will 
soon be hot and the temperature can be adjusted 
later as the tub fills. 
0 Do not let faucets run for washing or rinsing. 
Always fill a container with water for this purpose 
or use the sink by stoppering the drain. 
0 Use a brush, wash cloth, or your hand to dis-
lodge particles of dirt when washing anything 
rather than relying on the force of the water to do 
the job. 
0 Turn off the water while brushing your teeth; 
this step can save a family 5 to 10 gallons per day 
(or 3650 gallons a year). 
0 Rinse hand razors in the filled sink rather 
than under running water. 
D When shampooing, turn off the water while 
lathering the hair. 
0 When filling a kettle, try to estimate the exact 
amount needed; leaving unused boiled water on 
the stove means that both water and energy have 
been wasted. 
0 Use plastic ice trays which permit the cubes 
to be loosened by twisting the tray rather than 
running water over the tray. 
0 Keep a bottle of water in the refrigerator 
rather than letting water run in the sink to get a 
cool drink. 
0 When cleaning vegetables, use a filled sink 
and a vegetable brush, and wash all the vege-
tables for a meal at once. 
D Use only the minimum water to cook foods; 
flavor and food value may be wasted along with 
water. 
0 "Recycle" the water used to cook vegetables 
by using it in soups to add flavor and nutrients. 
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0 Do not use garbage disposals except at the 
end of cooking or clean-up periods or when full. 
Whenever possible, don't use the disposal at all; 
compost vegetable peelings for your garden or 
put them in the garbage can. 
D Run an automatic dishwasher only with full 
loads. Do not prewash dishes unless necessary. 
To save energy, turn the dishwasher off at the 
start of the dry cycle, open the door, and let the 
dishes air-dry. 
D Do not use the extra-long prewash and scrub 
cycles on the dishwasher unless absolutely 
necessary. 
0 Run clothes washers only with a full load 
unless a reduced fill setting is available. Use 
"warm" or "cold" settings if possible. 
0 Water the lawn in the early morning to avoid 
evaporation losses. 
0 For successful lawn irrigation, irrigate slowly, 
deeply, and infreque1,1tly. 
0 Do not allow sprinkler water to flow into a 
gutter. 
0 Avoid sprinklers that produce a fine mist; 
too much water is lost in wind and evaporation. 
D Use an alarm clock or the stove timer to 
remind you to shut off the sprinklers. 
0 In arid areas, use desert landscaping which 
does not require watering. 
0 Use pistol-grip nozzles (spring shut-off) on 
all hoses to avoid waste, and always turn off the 
faucet tightly when through to prevent leakage. 
0 Reduce evaporation losses from flower and 
vegetable gardens by using an organic mulch or 
plastic ground cover between rows. 
0 Sweep sidewalks and driveways instead of 
washing them down with the hose. 
0 Collect water from roof gutters to use for 
lawn and plant watering. 
0 Do not water lawns or wash cars when water 
is in short supply. 
0 When washing the car, rinse it once, then use 
a bucket of soapy water to wash it, and then give 
it one more quick rinse. Taking it to a car wash 
may save water, since many commercial installa-
tions recycle their water. 
0 When you go on a vacation, turn off the water 
to the house; a leak while you are away could be 
expensive and do a lot of damage. Be sure, how-
ever, to tum off the water heater also. If it should 
begin to leak and drain dry, it could burn out. 
0 Insulate the hot water pipes between the 
heater and the faucets to reduce the amount of 
water that must be run to get hot water. Smaller 
hot water piping will have a similar effect. 
0 Locate the water heater near the points of 
most hot water use. Consider a separate water 
heater for distant bathrooms. 
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THE 111LLINOIS LO-CAL HOUSE" 
The increasing scarcity of fuels makes it impera-
tive to include more energy-conserving features 
in our housing. 
This publication describes the design, con-
struction, and predicted performance of a house 
which uses about one-half the energy needed to 
heat a house of the same size which was built to 
meet 1974 insulation standards (U.S. Department 
of Housing and Urban Development standards 
for houses located in areas having a heating 
season of between 4500 and 8000 degree-days). 
Because of its low energy requirements for heat-
ing, it has been called the "Illinois Lo-Cal 
House." If the Lo-Cal House is compared to the 
typical house of 1950, the savings are even more 
dramatic. 
A comparison with a house built to the 1980 
HUD standards is also included. It should be 
noted that the level of insulation recommended 
in the new minimum standards is approaching 
the super-insulation recommended in the first 
Lo-Cal publication in 1976, which was considered 
extreme at the time. 
The major features which account for the ex-
ceptional reduction in energy usage are: 
• Superior insulation 
• Solar orientation 
COUNCIL NOTES VolumeS Number2 Fall, 1981 
@1976, 1981 by The Board of Trustees of the University of illinois 
Revised by Michael T. McCulley, SHC-BRC 
Original Edition by Wayne L. Shick and Rudard A. Jones, FAIA 
Consultants: WarrenS. Harris and Seichi Konzo 
illustrations: John B. Sadowski Design: Joan R. Zagorski 
Editor: Henry R. Spies Renderings: Donna L. Milner 
All rights reserved. No part of this publication may be reproduced in 
any form without permission in writing from the publisher. Published 
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Of the reduction, about 90% is due to the extra in-
sulation. The remaining reduction is due to the 
location of most of the windows in the south wall, 
where they act as solar collectors. 
DESIGN AND CONSTRUCTION FEATURES 
Insulation 
• Heavy ceiling insulation 
• Heavy wall insulation 
• Improved floor and crawl-space insulation 
• Triple-glazed windows 
• Complete vapor retarder (barrier) 
• Tight construction to minimize air leakage 
Solar 
• Major axis of house oriented east-west 
• Roof overhang designed for solar control 
• No windows on the east and west walls 
• Major glass areas on the south wall 
General Features 
• Can be built with standard, readily available 
building materials 
• No new technology or labor skills required 
• Design conforms to current practice 
• Design adapts to various lot orientations 
Benefits 
• Low-cost heating system 
• Low energy use for heating 
• Low-cost cooling system 
• Low energy use for cooling 
• Favorable ratios of benefit to cost 
• Improved acoustic performance 
CONSTRUCTION DETAILS 
This design is considered appropriate for most 
areas of the United States having a heating season 
of 4500 degree-days or more. 
University of Illinois SHC-BRC 
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Design A. The basic plan was designed for use on a lot with 
the street on the north. 
1. The living room and bedrooms are arranged on the south 
side of the house. 
2. The family-kitchen area is on the north; however, it opens 
to the living room, from which it receives solar benefits. 
3. The entrance vestibule, baths, utility and storage areas are 
also on the north. 
Roof-Ceiling Construction 
The roof-ceiling construction is designed with 
the bottom of the overhang (soffit) at the same 
level as the ceiling of the house. This simple mod-
ification of the usual roof-ceiling framing pro-
vides space to extend the thick ceiling insulation 
over the outside wall and still maintain adequate 
ventilation space above the insulation. 
Twelve inches of insulation, combined with 
the ceiling structure, provides a total thermal 
resistance (R) of 38, compared with an R of 19 for 
the 1974 house and nearly equal to the R-33 of the 
1980 HUD house . 
A complete vapor retarder (barrier) is located 
immediately below the ceiling insulation. This 
may be a 4-mil polyethylene film or an aluminum 
foil on the back of the ceiling finish material. 
Outside Wall Construction 
The outside wall is composed of a double-framed 
wall with staggered studs 24 inches on center and 
spaced so that it is 81/2 inches from the back of the 
sheathing to the back of the interior finish. This 
provides space for insulation which, combined 
with the other elements of the wall, results in a 
total thermal resistance (R) of about 30. This is 
more than twice the insulating value of the 1974 
house and about 11/2 times the 1980 standard for a 
house with electrical resistance heating. 
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4. Most of the windows (85 %) are located on the south wall. 
The remaining windows are to meet code requirements for 
light and ventilation. There are no windows in the east and 
west walls. This is the best arrangement for thermal ef-
ficiency of the house. East and west windows should be 
used only when view is a prevailing requirement. In such 
cases, the windows should be small and well shad.ed in the 
summer. 
A vapor retarder (barrier) must be provided at 
the interior surface of the inner stud wall. Poly-
ethylene film or foil- backed gypsum drywall is 
suitable for this application. Either blanket- or 
fill-type insulation may be used. The thickness of 
the wall may be varied in accordance with the cli-
mate and energy costs. 
There are several benefits of using a double 
wall. Since the studs do not touch, there is mini-
mal heat lost through the framing. During con-
struction, electric wires can be run between the 
double walls without drilling, reducing insula-
tion damage and possibly labor costs. The slot 
between the top plates of the wall permits any 
moisture which gets into the wall to vent into the 
attic space. The thick, insulated wall and triple-
glazed windows also reduce sound transmission. 
Floor-Foundation Insulation 
The most effective way to reduce the heat loss 
through the floor is to insulate both the floor of the 
house and the outside wall of the closed crawl 
space. The Lo-Cal design uses R-19 insulation in 
the floor and R-10 insulation on the perimeter 
wall of the crawl space. When practical, hot-water 
pipes and heating ducts (if any) should be above 
the floor insulation. A polyethylene vapor re-
tarder should cover the dirt surface. If heating 
ducts are in the crawl space, then it should be 
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Roof truss with ceiling and soffit at same level allows thick 
insulation and air space for ventilation 
Roof overhang designed for solar control 
Continuous soffit and ridge vents allow moisture from the 7 
attic space to escape and also reduce attic air temperature 
* If ductwork is run in the crawl space: 1) Use no floor 
insulation; 2) Seal all duct joints well; 3) Increase the perim-
eter insulation of the crawl space to at least R-19; 4) Seal 
the crawl space, including vents. 
,.-'1 
__ - -; : 
"'ffL. :::..:- __ _ L_ -L- -------- -+-----~ 
Vapor retarder (barrier) 
Triple-glazed windows 
I...,.. ____ Double wall for thick insulation-----------~ 
HORIZONTAL SECTION OF WALL 
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Perimeter insulation of 
foundation wall for crawl 
space or basement. See 
Circular F4.4, Crawl-Space 
Houses, or F2.0, Basement 
Construction 
VERTICAL SECTION OF HOUSE 
University of Illinois SHC-BRC 
treated as a heated space. The outside wall should 
be insulated to at least R-19 from the bottom of the 
floor to at least 24 inches below ground level, and 
R-10 from that point to the bottom of the wall. 
Window Design 
The triple-glazed windows of the Lo-Cal house 
are designed for low heat loss and optimum solar 
gain in winter and for reduced heat gain in sum-
mer. The design is based on a study which shows 
that the solar heat gain minus the heat loss of 
south-facing, triple-glazed windows can average 
up to 200-400 Btu per square foot per day. In the 
one-story plan, 85°/o of the window area is on the 
south wall. Small windows on other walls may be 
installed for view or ventilation. 
Triple-glazing consists of three panes of glass, 
and can be a standard window with sealed insula-
ting glass plus a storm window, or a factory-
sealed triple unit. For the Lo-Cal House, a 50-inch 
high window was chosen. This height matches a 
roof overhang which is 16 inches above the top of 
the window and extends 30 inches out to the edge 
of the gutter. The south windows are exposed to 
sunlight in the winter and are shaded in the sum-
mer. In late summer and early fall, when the 
window is only partly shaded, shade screens or 
other devices can reduce heat gain. Since the 
house is so well-insulated, the 122 square feet of 
south windows provides enough solar gain while 
reducing heat losses at night and during bad 
weather. The south glass area is about 8% of the 
total floor area of the house. 
A Tight House 
Air infiltration or air leakage can be one of the 
most significant factors influencing the heating 
load. Infiltration around windows, doors, and 
gaps in the construction becomes more important 
as the heat loss through the other parts of the 
house becomes smaller. As the tables show, the 
house must be built tighter to get the maximum 
benefit from the extra insulation. 
TABLE 1 
DESIGN HEAT LOSS 
(Btu per hour) 
1974 1980 Lo-Cal 
Components House House House 
Ceiling (1568 s.f.) 5,762 3,528 2,940 
Wall (1160 s.f.) 6,090 3,914 2,958 
Floor (1568 s.f.) 3,245 2,069 2,069 
Windows (144 s.f.) 5,972 5,972 3,942 
Doors (40 s.f.) 267 267 267 
Infiltration 16,929 12,696 10,125 
Total 38,265 28,446 22,301 
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Heat Loss Calculations 
Table 1 summarizes the heat lost through the five 
component surfaces and from air infiltration from 
the 1974 house, a house built according to there-
quirements of the 1980 HUD standards, and the 
Lo-Cal House. These calculations are made in ac-
cordance with accepted engineering practice and 
do not include solar gains or internal heat gains. 
Heating System 
In the weather simulation for Rantoul, illinois 
(1957, 5890 degree-days), the maximum heat loss 
of the Lo-Cal House is computed to be 20,990 Btu 
per hour. A number of options are available for 
the heating system. 
The system with the lowest installation cost 
would be individual room electric heating, such 
as baseboard units located under the windows. 
These units would have a total rated output of 
only 7 kilowatts, and the advantage of individual 
room thermostatic control. A natural-gas-fired 
central system or heat pump would cost more to 
install but, depending upon economics, might 
have the lowest 10-year cost. 
Cooling System 
For mechanical cooling, small, individual room 
units could easily cool the house. Although they 
offer the advantage of individual room control, 
they are noisier than a central cooling system. 
A central system using an outdoor air-cooled 
condenser can be provided at fairly low cost. The 
cooled air can be distributed through an overhead 
duct located in the central hallway. At a higher 
cost, the air-handling system can be designed to 
bring outdoor air into the system when outdoor 
air cooling is adequate. 
Exhaust Fans 
Kitchen and bathroom exhaust fans, either man-
ually or automatically controlled, will remove 
excess heat and moisture from cooking and bath-
ing. In colder regions where the tightest construc-
tion is used, air-to-air heat exchangers should be 
considered to maintain air quality and conserve 
energy. 
Solar Mechanics 
Sunlight through the windows heats the interior 
surfaces of the house; the structure and furnish-
ings absorb heat and warm the air; insulation 
keeps the heat in the house, even after sundown. 
With maximum insulation and major south win-
dows of insulating glass, the house itself becomes 
a cost-effective solar collector. 
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The net heat gain (or loss) of a window varies 
with the latitude, month, window orientation, 
solar transmission, heat transmission, outdoor 
temperature, atmospheric conditions and percent 
of sunlight, reflected sunlight, and shading of the 
window. With the seasonal change of sun angle, 
the direct ray solar gain of south-facing windows 
is highest of all in winter, moderate in spring and 
fall, and lowest in summer. 
The daily solar gain of a south-facing, triple-
glazed window may exceed the average 24-hour 
heat loss through the window; this net heat gain 
may be as much as 400 Btu per sq. ft. per day 
during the heating season. In some regions with 
more sunshine and snow cover, the gain may be 
higher. Generally, this benefit of triple-glazed 
windows applies to the cold areas of the United 
States. In climates with less than 4500 degree-
days, south-facing double-glazed windows have 
similar benefits. 
Shading. While the south-facing windows 
provide solar heat for the house from October to 
April, the windows should be shaded to mini-
mize solar gain from June to October. 
• Trees. Deciduous trees are most useful be-
cause they are in leaf during the warm season 
of the year when shading is needed. They do 
not interfere with winter solar gain since 
their leaves have fallen before the heating 
season. 
• Roof Overhang. With the seasonal change 
in sun angle, the roof overhang above the 
south windows can be designed to achieve 
the amount of shading or sun exposure 
desired. 
• Other Shading Devices. Awnings, shade 
screens, shutters, blinds, foils, or draperies 
can limit solar gain of windows. For example, 
in conjunction with a roof overhang, shade 
screens over the lower half of windows can 
stop most of the solar gain of south-facing 
windows in August and September. 
The illustration shows the sun angle for a latitude 
of 39° with the profile of the roof overhang and 
south windows of the Lo-Cal House. At 43o lati-
tude, the south windows are over 90°/o exposed 
to the sun from October 21 to February 21. From 
April 21 to August 21, the south windows are 
shaded 80°/o or more. The roof overhang could be 
designed to shade the window all summer; how-
ever, this is not desirable since it would also 
shade the windows and seriously reduce the solar 
gain during the spring heating season. Therefore, 
some other shading device should be used to 
block the sunlight during August and September. 
See Cir,eular 3.2, Solar Orientation, for shading 
angles at other locations . 
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PREDICTED PERFORMANCE 
Actual heating costs for the Lo-Cal House are 
being verified by building and testing a demon-
stration house under controlled, monitored con-
ditions. Full-scale confirmation of predicted 
results will require the building of a number of 
lived-in houses in widespread areas of the United 
States and Canada. 
Since, as yet, demonstration house studies 
are not completed, the best alternative is to 
make a thorough engineering analysis, taking 
into account all energy inputs to the Lo-Cal 
House. For this purpose, a predictive computer 
program* was used, and weather data for Rantoul, 
Illinois, in 1957 was selected as having typical 
characteristics. 
Assumed Conditions 
Calculations of energy requirements for all three 
houses are based on the same conditions of 
weather, range of internal temperature, and inter-
nal heat gains. The HUD 1974 house was calcula-
ted on the basis of an air infiltration rate of 1 air 
change per hour, the 1980 house at 0.75 and the 
Lo-Cal House at 0.6 air changes per hour due to its 
tight construction. In both standard houses, the 
windows were placed with one-third of the total 
window area on each of the north and south walls 
and one-sixth on each of the east and west walls. 
* U. S. Army Corps of Engineers, Construction Engineering 
Research Laboratory "Building Loads Analysis and Systems 
Thermodynamics" (BLAST) program. 
Shading of south windows at 43° latitude (Casper, WY; 
Madison, WI; Buffalo, NY; Manchester, NH) 
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TABLE 2. CALCULATED HEATING AND COOLING LOADS 
Heating Load, Btu/Year Infiltration Loss, Btu/Year Max. Heat. Load, Btu/Hr. 
1974 House 57,530,000 35,794,000 36,610 
1980 House 37,260,000 25,600,000 26,770 
Lo-Cal House 24,290,000 18,280,000 20,990 
Cooling Load, Btu/Year Infiltration Gain, Btu/Year Max. Cool. Load, Btu/Hr. 
1974 House 9,795,000 
1980 House 10,350,000 
Lo-Cal House 9,263,000 
Comfort Conditions 
For all three houses, the room-air temperature 
was allowed to vary between 70°F and 78°F. Most 
people will accept air temperatures a few degrees 
above or below 72°F, especially when energy is 
saved. 
Winter Performance 
The heating analysis of the house can be express-
ed as: 
HEAT INPUT= HEAT LOSS 
The heat inputs are: (1) internal gains from per-
sons, lighting, refrigerator, range, television, 
water heating, etc.; (2) solar gains, mainly from 
windows; and (3) input from heating ystem 
which uses fuel or electricity. 
The heat losses are made up of: (1) transmis-
sion losses through the house shell (ceiling, 
walls, windows, doors, and floors); (2) air infil-
tration; and (3) building overheating which must 
be vented. Since, as yet, demonstration house 
studies are not completed, the best alternative is 
to make a thorough engineering analysis, taking 
into account all energy inputs to the Lo-Cal 
House. For this purpose, a predictive computer 
program was used and weather data for Rantoul, 
Illinois, was selected. The heating degree-days 
for the test year were 5890. In this analysis, the as-
sumed internal heat gain was equal to 15 kWh per 
day, which, when added to occupant gains, 
amounts to 61,000 Btu per day. The computer 
analysis is summarized in Table 2. 
In order to heat the Lo-Cal House for a year, 
the owner would need to buy (assuming 75°/o effi-
ciency for gas and oil): 
239 gallons of fuel oil, or 
242 therms of natural gas, or 
7144 kWh of electrical resistance heating. 
The owner of a house built to the 1974 standards 
would have to buy about twice the above 
amounts each heating season, and the require-
ments of the 1980 house would be about 50°/o 
higher than the Lo-Cal House. 
C2.3 Illinois Lo-Cal House 
758,500 16,710 
569,000 15,310 
453,000 11,930 
Summer Performance 
Because of the extra insulation, the Lo-Cal House 
gains heat very slowly and the summer cooling 
load is never high. With the assumed internal 
heat gain of 61,000 Btu per day, the maximum 
cooling requirement is about 12,000 Btu per hour 
in the Rantoul, Illinois, climate. For energy conser-
vation, internal heat gains should be kept as low 
as possible during warm weather. For example, a 
large gathering of people in the house would sub-
stantially increase the cooling load. 
For the computer analysis, the cooling season 
was considered to be from May 1 through October 
31. The total cooling load (including internal heat 
gains) for the period was computed to be 9.3 mil-
lion Btu. Assuming that 1 kWh of electricity will 
deliver at least 6000 Btu of cooling, the energy 
required for cooling would be about 1550 kWh. At 
five cents per kWh, the cost for cooling would be 
$78 for the season. This cost could be reduced by 
using additional shading of the south windows 
during August and September, and could be 
further reduced by using night air cooling when 
the outdoor air temperature and humidity are 
suitable. 
Cooling System Selection 
For the predicted maximum hourly cool-
ing load of 11,930 Btu per hour (Table 2), a 
central unit with a capacity of one ton or 
12,000 Btu per hour would be enough on 
most days. A larger unit would handle those 
times when the hourly load is extreme, but 
the normal operation would be off-and-on, 
and the humidity would vary and cause dis-
comfort. Better comfort is obtained from a 
cooling unit which is slightly undersized so 
that it operates continuously. 
If occasional unusually large cooling 
loads are anticipated, such as a large gather-
ing of people in hot weather, an auxiliary 
cooling unit might be desirable, or the 
house could be pre-cooled to a lower temper-
ature to control the short overload. 
Page 7 
ALTERNATE DESIGNS 
Design B. This incorporates a basement and a fireplace in the 
basi~ design. Double sliding glass door units can 
be used instead of windows. 
North 
First Floor 
I 
I 
I~ 
/ --......_\ 
f 
-\ )_ _ _ _ 
Variations in Plot Plan. 
The principles demonstrated in the design of the 
Lo-Cal House can be used in the design of all 
types o(housing. 
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Design C. This is more appropriate when the street is on the 
south or east of the lot. The entrance is moved to 
the end of the house and the garage is relocated. 
Design D. This plan shows how the 
principles may be applied 
to a two-story dwelling unit. 
Second Floor 
lJ 
-- J ( ) 
n 1 - i ~ 
;:;: i\_ ) 
( .l ,~ .d- -~~ 
\].___ __ \ 
I 
t-
Principal glass 
areas 
The plot plan shows the use of the various de-
signs in a typical subdivision having a rectilinear 
street pattern. It is obvious that monotony and 
sameness need not be a problem. 
University of Illinois SHC-BRC 
University of Illinois at Urbana-Champaign 
Small Homes Council-Building Research Council 
COUNCIL NOTES 
I 
C3.2 SOLAR ORIENTATION 
Average hours of sunshine per day 
zso --<December, January, February) 
Adapted from USDA Yearbook of Agriculture 
The current energy crisis has again called atten-
tion to the energy-related benefits of solar orienta-
tion in house design. The Small Homes Council 
Circular C3.2, Solar Orientation (1946) is still 
viable, and it is reprinted on the following four 
pages. These principles contributed to the 1976 
design of the Illinois Lo-Cal House, Council 
Notes C2.3. 
Early Solar-Oriented Houses 
Beginning in the 1930's, many houses were built 
using the principles of solar orientation. Since 
houses of that era were poorly insulated by 
today's standards, a solar house had high heat 
loss and needed large south windows to supply 
adequate solar heat. In some, the entire south 
wall was glass, which further increased heat loss 
and discomfort. During sunny hours, the large 
south windows provided ample solar heat, even 
overheating on many days. On cloudy days and at 
night, the heat loss was high through the large 
glass area as well as the walls and ceiling. 
In many solar houses the type of heating 
system used was slow to respond to the wide var-
iation in heat demand, and it was difficult to 
maintain comfort conditions. 
lllinois Lo-Cal House 
The illinois Lo-Cal House corrects the deficien-
cies of the early solar houses as follows: 
Super-Insulation. Super-insulation (triple glaz-
ing, R-40 ceiling, R-33 wall, and R-20 floor insula-
tion) greatly reduces the heat needed from solar 
gain and from the heating system. 
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Optimum South Window Area. For each locality, 
the optimum window area is based upon the 
design heat loss of the house, average outdoor 
temperature, altitude, and the average number of 
hours of winter sunshine. In most climates, 
south-facing triple-glazed windows add more 
heat to the house from the sunlight they admit 
than the heat lost to the cold outdoor air through 
the glass. 
South windows should be large enough to 
gain adequate solar energy during typical winter 
conditions, but not so large as to frequently over-
heat the house. Occasional overheating is an 
opportunity to "air out" the house. When larger 
than optimum, the south windows contribute 
little more usable solar gain for winter heating but 
significantly increase house cooling loads during 
the warmer months, even though the glass is 
properly shaded. For a super-insulated house, the 
optimum south glass area may be only 8% of the 
total floor area. 
Heating System. The recommended heating sys-
tems respond quickly to sudden changes in heat 
demand. Panel heating systems, such as heated 
floor slabs or ceiling panels, are not used. 
Winter Sunshine 
The solar design of a house will vary with the 
climate and location. The map shows the average 
hours of sunshine per day during the months of 
December, January, and February. Much of the 
heavily populated northeast and midwest aver-
ages four to five hours per day, or a solar gain of 
about 800-lOOOBtu/sq. ft. per day on south glass . 
University of Illinois SHC-BRC 
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AN INTRODUCTION TO SOLAR ORIENTATION 
can be no more than a discussion of the physical principles underlying the subject. A few "solar houses" 
have been built, with apparently satisfactory results. The University of Illinois has not as yet in-
vestigated heating problems in houses of this type. Several points should be noted: 
A. Solar orientation may be applied to any kind C. A "solar house" is not a "glass house," but is 
of architectural design, but is best achieved in one in which glass areas are carefully placed, and 
non-traditional types which permit the use of protected from summer sun and winter storms. 
large glass areas, or groups of windows. D. The professional advice of an architect is de-
B. "Glass areas" may be achieved, at varying sirable in planning for solar orientation. An un-
costs, with ordinary windows, plate glass, or skilled planner can make serious mistakes by 
structural glass. Improvements in the manufac- using large glass areas in a manner which results 
ture of glass offer many possibilities of design. in excessive heat loss~ glare, or lack of privacy. 
1. WHAT IS SOLAR ORIENTATION IN HOME DESIGN? 
"ORIENT A TION" means the placement of the 
house on the site with respect to compass direc-
tions, so that its various rooms are correctly re-
lated to sun position, wind direction, views, or 
other desirable surroundings. 
"SOLAR ORIENTATION" means facing as 
many rooms as possible to the south, in order to 
obtain the benefits of sunlight. This requires a 
knowledge of the angles of sunlight at different 
times of the day and at different seasons. 
2. WHAT ARE THE BENEFITS OF SOLAR ORIENTATION? 
Ao Additional warmth- The radiant heat (infra-red rays) of the sun enters the house through the glass, 
supplementing mechanical heat during the daylight hours. (Whether or not this sun heat results in 
a net gain for the house depends upon many factors of construction beyond the scope of this circular.) 
B. Daylight- Increased daylight is provided in living quarters. Southern exposure also provides better 
summer ventilation in most parts of the United States. 
C. Enjoyment of living -For many persons extra winter sunlight and broader views of the outdoors are 
important advantages. Large window areas help to create a feeling of spaciousness. 
POSITION OF SUN AT NOON 
FOR LATITUDE 40° N. 
s. 
FIG. A 
3. SOLAR MECHANICS 
Successful use of solar orientation depends 
upon knowledge of the changing position of the 
sun throughout the year. Everyone knows that 
the sun is much higher in the sky in summer than 
in winter; that it rises and sets north of the east-
west line in summer, and south of the same line 
in winter. 
This variation in the sun's position in our sky 
occurs because, as the earth follows its orbit, the 
tilt of the earth's axis places us in a changing 
relationship to the sun. 
,~, 
Shade line at Noon ..,_~l!:!l:l:!m!h 
Dec. 21--.......;...---·\~\.-
Mar. and Sept. 21---
June 21---------
FIG. 8 
ROOF OVER-HANG 
CONTROLS SUN RAYS 
University of Illinois Small Homes Council Circular C3.2 
The position of the sun and the angle of sun-
light can be determined accurately for any hour 
of the day at any time of year in any latitude. 
Fig. A shows the conditions which obtain on the 
longest and shortest days of the year. Generally 
speaking, it can be said that the angle of the sun 
above the horizon at noon is about 30° in winter 
and 60 ° in summer for latitudes near 40 ° N. 
4. CONTROL OF SUNLIGHT 
Additional warmth from the sun is desirable 
in winter, but objectionable in summer. There-
fore, solar orientation must control the amount 
of sunlight falling upon glass areas. 
Fortunately the laws of solar mechanics make 
this possible if major glass areas face south. An 
overhang, cornice or projecting eaves can be 
provided over south windows, casting a shadow 
on the glass in summer, but allowing the sun to 
enter in winter (Fig. B). The awning is a familiar 
form of summer sun control. 
Control of sunlight in the spring and fall is 
relatively unimportant because the weather is 
more temperate. 
5. CAN ORIENTATION CONTROL SUNLIGHT ON EAST OR WEST WINDOWS? 
~""i~-~ri~ 
I' 
--=t,A.,.')r.,...,........,...;c::---loo 
FIG. C 
on 
DECEMBER 
HOURLY DIRECTION OF SUNLIGHT 
The answer is "no."* 
In winter the sun rises late in the southeast and 
sets early in the southwest (Fig. C). Hence, very 
little sunlight enters east or west windows and 
they are useless for solar orientation. 
In summer the sun rises early in the northeast and 
sets late in the northwest. A very large amount 
of sunlight falls upon east and west walls. It can-
not be controlled by overhangs; when rising or 
setting, the sun is low, and its rays enter directly 
into east or west windows with much unwanted 
heat. This can be very uncomfortable on a late 
summer afternoon. 
*Venetian blinds, or deciduous trees which will shade 
east or west windows, are reasonably successful. 
6. IS THERE ENOUGH WINTER SUN TO JUSTIFY SOLAR ORIENTATION? 
There is more sunshine during the winter months than most people realize. Government weather 
records over 39 years disclose that for the months of December, January, and February in Chicago, the 
number of sunshine hours is 53.6 per cent of the total number of hours possible. 
Solar heat is available in winter months even though the sun is not shining. Assuming the solar 
radiation on a clear day to be 100%, a hazy day will allow 60% to 80%, and a dull day 5% to 50%. 
The earth is nearest the sun in December and January. There is also less water vapor in the air 
during the winter season. For these reasons, in the northern hemisphere about 16 per cent more ra-
diant heat is received (on a surface perpendicular to the sun's rays) in winter than in summer. 
7. HOW DOES SOLAR RADIATION WORK? 
The sun's infra-red rays pass through the glass on a 
short wave length (Fig. D). The rays strike and warm 
the objects within the room and are then re-radiated on a 
longer wave length which will not pass out through the 
glass. 
All large glass areas must be of more than single 
pane in thickness. If they are not, any gains in heat 
from sunlight will be offset by excessive loss of heat ~..-~·,:~;.....;:>~· : ..;.  __ ..-...-...;...;...-&;~ 
through the glass, particularly at night. ___ ......_ _ ....... .._ __ 
8. DO LARGE GLASS AREAS PRODUCE GLARE? 
Glare is produced by contrasts of intense light and dark. It is likely to occur in a room with small 
glass areas because the bright surface of the window is in sharp contrast to the darker walls surround-
ing it (Fig. E). As the window area is increased, the level of illumination within the room is raised 
until contrasts are slight, and the effect of glare disappears (see photograph below). Exterior objects 
or surfaces such as white paving, which produce glare in the field of vision, should be avoided (Fig. F). 
House in Chicago; William Deknatel, Architect 
FIG. E 
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9. DO SUN ANGLES VARY IN DIFFERENT LATITUDES? 
The angle of the sun's rays at any given hour or 
date varies with the latitude. It can be accurately de-
termined for any locality. However, such computa-
tions are technical and too lengthy for discussion 
here. The diagrams in this circular are true for lati-
tude 40° N. and nearly true over a band of about so on 
either side. Fig. G indicates that this band includes 
many of the most populous areas in this country. 
10. HOW DOES SOLAR ORIENTATION 
AFFECT THE HOUSE PLAN? 
When planning the house for solar orientation, as 
much of the "living area" as is possible (living-dining 
rooms, bedrooms, etc.) should be given direct south-
ern exposure (Fig. H). The northern side of the 
house forms a buffer against winter winds, and 
should contain service areas, halls, stairs, baths, 
garage, etc. Choice of exposure for the kitchen will 
vary with different homemakers. 
11. WHAT IS THE EFFECT OF LOT SIZE AND DIRECTION? 
Obviously, the completely "solar" plan can be achieved only on a wide lot (75' to 100'). New princi-
ples of community planning recognize this fact, and it is probable that many neighborhoods of the 
future will be subdivided into lots which can accommodate "solar" houses. 
The basic principles, however, can. be employed on any lot quite successfully. On a fifty-foot lot, 
for example, the living-dining area and at least one bedroom of a one-story house can face the sun. 
For narrow lots a two-story plan can achieve excellent solar orientation (Fig. I) . 
....... · 
B.R. B.R 
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TWO STORY PLAN-Good Sunlight on Narrow Lot 
The importance of planning for maximum 
solar exposure must be weighed against other 
considerations which affect the house plan, and 
individual tastes must be satisfied. The diagrams 
at each side show situations common to most lots 
available in urban communities today, where 
houses usually are built on both sides of east-
west and north-south streets. 
It is apparent that large glass areas facing 
south on a narrow side yard would provide an 
unattractive or limited view, and might even be 
shaded by the adjoining house. 
Large windows facing gardens to the east or 
west should be shaded from the rising or setting 
sun by trees, awnings, or blinds. 
It is evident that a house which faces south 
toward the street would be a "goldfish bowl" if 
full-height clear glass were used on the front. A 
wise use of window sizes and sill heights will in-
sure sunlight without this inconvenience. 
The only situation truly adaptable to the use 
of full-height clear glass is where the garden is 
south of the house. Here the occupant is assured 
of privacy; he can control the sunlight and de-
velop the view of his garden. 
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Sep. Oct. Nov. Dec. 
30° Latitude 
Heating Season Profiles 
Clirna te Variation 
At any given latitude, the length and severity of 
the heating or cooling season varies. For example, 
heating degree-day totals are usually higher in 
mountain areas and lower near large bodies of 
water. Even nearby cities may show a marked 
difference in degree-day totals. 
Roof Overhang for South Windows 
Ideally, the roof overhang over the south win-
dows allows sunlight to enter the entire window 
during most of the heating season and shades the 
entire window during the cooling season. In a 
region with 5000 degree-days, the windows 
should be totally exposed during November, 
December, January, and February. 
With a horizontal extension of 30", including 
gutter, located 16" above the top of the window, 
the 30/16 overhang usually provides the desired 
sun exposure for common windows. 
C3. 2 Solar Orientation 
Jan. Feb. Mar. Apr. 
The south wall profiles for latitudes of 50°, 
40°, and 30° are shown for the 21st day of each 
month of the normal heating and cooling seasons 
for that latitude. Interpolations can be made for 
solar angles on other days. Note that the window 
height shown is 50" from sill to head. Full-height 
windows or sliding glass doors will permit more 
solar radiation to enter than is shown by these 
profiles. 
South Wall Profile - Heating Season 
In general, the heating season is longer at 50° lati-
tude than for areas further south. For example, in 
late summer (September 21) and early spring 
(April21), when some heating demand may exist 
at 50° latitude, the window is more than half ex-
posed to solar radiation. From September 21 to 
March 21, the window is exposed to the sun over 
80 to 100% of its area. The 30/16 roof overhang 
provides about four more months of sun effect at 
50° latitude than for 30° latitude. 
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Cooling Season Profiles 
50° Latitude 
Mar. Apr. May Jun. 
South Wall Profile - Cooling Season 
The cooling season at sao latitude is generally 
shorter than for more southerly regions. 
For 4ao latitude, the window is almost totally 
shaded from April 21 to August 21, and on Sep-
tember 21 the window is about Sa 0/o shaded. Solar 
radiation can enter the room through the lower 
part of the window after August 21. In years when 
cool weather arrives early, the solar energy enter-
ing the windows may be welcome. However, if 
the cooling season is prolonged, some means to 
exclude the sun might be considered. If more sun 
shading is desired for this time of the year, shade 
screens on the outside or venetian blinds on the 
inside can be used. Deciduous trees provide the 
best sun control and should be planted as soon as 
possible. 
Standardized Overhang 
The wall profiles are drawn to scale so that slight 
modifications of overhang, or window or glass 
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Jul. Aug. Sep. Oct. 
heights, can be made by altering the dimensions 
on the drawings. 
A study of the weather conditions and the sun 
angles at various locations between 3a0 and sao 
la~itude i~dicates that a standard 3a/16 overhang 
w1ll proVIde good sun control on south windows 
for this range of latitudes. With the bottom of the 
roof overhang at the same level as the ceiling, the 
gutter is about 16" above the window. This con-
struction allows more winter sunlight into the 
house and permits thick ceiling insulation to ex-
tend over the outside wall. When glass doors or 
tall windows are used, it may be desirable to in-
crease the overhang to provide more shade. 
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COUNCIL NOTES 
INDOOR STORAGE 
Requirements for Good Storage Space 
This publication describes storage needs within 
the house, including minimum dimensions for 
certain clothing and linen items. Also, techniques 
are shown for developing storage in usually ig-
nored spaces which exist in most houses. 
Kitchen storage is covered separately in C5.32, 
Kitchen Planning Standards. Storage arrangements 
for special interests, such as woodworking, sew-
ing or hobbies are not given. Many items of furni-
ture are well known and do not require discussion. 
Good indoor storage space provides: a. order-
ly storage; b. visibility and easy identification of 
stored items; c. direct accessibility; d. economical 
construction; e.flexibility to meet changing needs; 
and f. safety from fire or injury 
CLOTHES CLOSETS 
The capacity of a clothes closet depends upon the 
accessible length of rod. Three types of closets are 
common. 
Reach-In Closet. The minimum front-to-hack 
depth of space for hanging clothes is 24". The ac-
cessible rod length is equal to the width of the 
door opening plus 6" on each side. 
Reach-In 
Edge-In 
l accessibl, J I rod length I 
. . 
. 24" . 
f-min.-1 
door 
Edge-In Closet. By providing an edge-in space 
of at least 18", the accessible rod length can be 
muLh longer than the door width. This requires 
less wall space than a full front opening. 
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Walk-In Closet. This type provides rods on one 
or both sides of an access path at least 20" wide. 
A wider access space within the closet may be 
used as a dressing area. 
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The Minimum Property Standards of HUD (1973) 
require that each bedroom have a closet, with rod 
and shelf, with minimum dimensions of: 
For double-occupancy bedrooms 24" by 60'' 
For single-occupancy bedrooms 24" by 36" 
For closet at entrance to house 24" by 24" 
A more desirable front-to-hack depth would be 
28" for bedroom closets and 30" for entrance closets 
to accommodate bulky outer garments. 
The average rod space per garment is about 2" 
for women's clothing, 21/4" for men's clothing, 
and 4" for heavy coats. 
Recommended heights of rods are: 
68" for long robes 
63" for adult clothing 
32" for children's clothing 
Shelf Space and Lighting 
The shelf is normally located 2" above the rod, 
and another shelf may be located 12" higher. 
Shelves higher than the rod may also be installed 
at the end of the closet. 
A fluorescent fixture over the door is recom-
mended for lighting a closet. Deluxe cool white 
tubes match daylight for selecting clothes. 
University of Illinois SHC-BRC 
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Closet Doors 
Four types of doors are commonly used for closets. 
The factors which influence the choice of doors 
include cost, appearance, ease of operation, ven-
tilation, wall space required, door projection or 
swing (both inside and outside the door), and net 
opening size. Closet doors are usually 6' -8" high, 
but some are 8'-0". 
Air leakage around doors may help reduce 
mildew formation in the closet in humid condi-
tions. Louvered doors are recommended for 
closets on outside walls, where moisture conden-
sation is more likely to be a problem. 
Hinged Door. There must be adequate space in 
front of the door to allow it to swing. The doors are 
available in stock widths varying from 24" to 36" 
wide, and may be used singly or in pairs. 
This is the only type of door which can accom-
modate closet accessories on the inside face. Most 
flush doors have a hollow core; Therefore, closet 
hardware can be fastened only to the side or top 
rails or to a wood strip at least 1/2" thick glued 
across the door face. 
F= 
~ 
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By-Pass Sliding Doors. These doors do not inter-
fere with access space or traffic in front of the 
closet. However, part of the opening is always 
blocked by a door. Such doors are available in 
widths of 18" to 36", and can be used in multiples 
for large openings. 
C5 .12 Indoor Storage 
Multi-Fold Doors (accordion type). With this 
type, the entire width of the closet opening, ex-
cept for the space occupied by the folded doors, is 
accessible. The doors are made of narrow sections 
of wood or fabric-covered metal frames. Multi-
fold doors are available in widths of 25" and up. 
Bi-Fold Doors. Two panels, 12" to 18" wide, 
comprise a hi-fold door. One or two such hi-fold 
doors can close openings from 24" to .72" wide. 
Clearance in front of the closet must be provided 
for the projection of the panels into the room. 
Drawers in Closets 
A stack of drawers, pull-out trays, or shelves can 
be placed at the end of or between hanger rods. 
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Work and Play Clothes 
This storage should be near the service entrance 
and have a washable floor surface. Work and play 
clothes can be stored on hooks. A low slatted shelf 
provides ventilation for damp boots and shoes. 
0 
LINEN STORAGE 
Suggested space requirements are shown for bed-
room, bathroom, and dining linens. The amounts 
shown are based on the needs of a family of four. 
Linens may be stored in closets, built-in cab-
inets, or furniture, on fixed or adjustable shelves, 
or pull-out shelves. The suggested shelf area of 29 
square feet for bedroom and bathroom linens al-
lows for extra storage, since the HUD minimum 
requirement is 15 square feet for a three-bedroom 
house. Shelf or drawer shapes may be different 
from those indicated, but the front-to-hack di-
mension should not exceed 24". 
Dining Room Linen 
Flat linens, especially dining linen, become 
more accessible and less subject to wrinkling if 
stored on a sliding shelf or shallow drawer. 
3-dining table cloths 
20-napkins 
2-small table cloths 
8-place mats 
paper cups, plates, 
napkins, etc. 
Alternate: 16" wide x 20" deep 
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1-pillow 
3-heavy blankets 
2-light blankets 
6-full sheets 
2-twin sheets 
8-pillow slips 
2-bed spreads 
1-mattress pad 
extra linen items 
Alternate: 36" wide x 16" deep 
Bedroom Linen 
The linens shown are for two twin-size and two 
full-size beds, in addition to linens in use. 
Bathroom Linen 
The recommended space accommodates the 
items shown, plus paper products, lotions, soap, 
cleaning supplies, water bottles, etc. The space 
should be in or near the bathroom(s). 
extra shelf for 
other linen 
1-bath mat 
6-wash cloths 
4-guest towels 
6-bath towels 
6-face towels 
Alternate: 30" wide x U" deep 
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GENERAL STORAGE ROOM 
Household storage space is always needed for 
common items. A general storage room can pro-
vide this space, with the items visible and acces-
sible. For better accessibility, the front-to-hack 
dimension of the shelves should be less than the 
vertical spacing. Shelves more than 72" above the 
floor can be reached from a step stool. 
The space shown is 7'-6" by 8'-0", with a ceil-
ing height of 8'-0". This 480 cubic feet of general 
indoor storage exceeds the HUD minimum stan-
dards of 425 cubic feet (including both indoor and 
outdoor storage) for a three-bedroom house. Such 
a storage room with only one door will be less ex-
pensive than a series of cabinets or small closets 
of equal capacity. If space is not available for a 
general storage room, these items may be stored 
on shelves in closets, wall cabinets, or suitable 
GENERAL STORAGE ITEMS 
A. Cleaning Equipment and Table Leaves. The main 
items include broom, dust mop, vacuum cleaner, 
step stool, dining table leaves, and possibly an 
ironing board. This space is near the door for con-
venience. 
B. Christmas Ornaments. 
C. Miscellaneous Items. 
D. Cleaning Products. 
E. Card Tables and Chairs. Space for three tables and 
eight folding chairs . 
F. Small Tools. Tools for minor household repairs -
C5.12 Indoor Storage 
2'-0" 3'-0" I 2'-6" I 
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areas in a dry basement or attic. The general stor-
age space shown could be reduced to the extent of 
the other space available. 
workshop or hobby shop requires separate space. 
G. Cleaning Items. Small cleaning tools can also be 
hung on the wall panel hangers. 
H. Hand Luggage. 
I. Paints and Supplies. Only water-base paints and 
supplies are shown. A metal cabinet in basement 
or garage is recommended for storing flammable 
paints and supplies. 
J. Toys. Other toys may be stored in a toy box in the 
child's bedroom. 
K. Office File. A single-drawer file is shown. 
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FINDING MORE STORAGE SPACE 
In every house or apartment, space exists that 
may not be readily recognized as suitable for stor-
age. The examples shown are based on experi-
ence, and can be adapted to fit the specific needs 
of a particular household. 
Shelf Assemblies. Shelves should be of adequate 
front-to-back depth for the items to be stored. 
Most books will fit on shelves 9" deep, but .greater 
depth may be desirable for larger volumes. 
Shelves are commonly supported on project-
ing clips or brackets which hook into shelf stan-
dards. One assembly uses portable posts which 
are spring-loaded to fit snugly between the floor 
and ceiling. 
Shelves with supports only at the ends will sag 
with heavy loads such as books and magazines. 
Such shelves, of nominal1 x 10 or 1 x 12 boards, 
should be 32" or less between supports. By fasten-
ing the shelf to the back wall as well, the span can 
be 48". The side members of a tall bookcase should 
be stiffened or anchored to the back to prevent 
bowing. To avoid tipping, tall shelf units should 
be fastened to the wall or ceiling. Shelves along a 
hall only 36" wide should be located well above 
head level. When lower shelves are placed along a 
wider hall, allow for a clear passage of 36" or more. 
Within Walls. Shelves for storage may be instal-
led between studs, provided insulation, wiring, 
or piping do not interfere. If studs are removed to 
form a wider opening, a new header will be need-
ed if the wall is load-bearing. 
In new construction, a greater depth may be 
provided by using larger studs (2 x 8 or 2 x 10) 
with shelves of matching depth. 
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High on the Wall. In frame construction, shelf 
brackets must ordinarily be fastened to the studs. 
However, shelving can be installed near the ceil-
ing of any room by fastening inverted shelf brack-
ets to one of the 2 x 4 wood plates at the top of the 
stud wall. If only one plate exists, the attachment 
screw must be angled upward into the plate. The 
shelf is then bolted to the bottom of the bracket. 
Washer 
11 Supports 1 
Shelf 11 ~~ 
Divider walls. Storage units can be placed to di-
vide a space. If placed near an entry that opens 
directly into a living room, a tall unit also serves to 
deflect drafts from an open door. 
University of Illinois SHC-BRC 
Bathroom Cabinets. The spaces below the lava-
tory and above the toilet tank may be used for 
storage. Allow access space above the water closet 
for maintenance. Medicines and some hazardous 
items, such as cleaning compounds, should be lo-
cated in cabinets that can be locked for the protec-
tion of small children. 
Below the Bed. Most beds have a space below the 
bed frame that can accommodate a storage box. 
This can be as simple as a cardboard box with a 
cover, or a wooden platform mounted on casters. 
Seating Storage. Built-in seating below a win-
dow, along a wall, or alongside a raised hearth can 
be used as storage bins. Fireplace wood should be 
stored outside to avoid insect infestation. 
Near Laundry Equipment. Laundry supplies can 
be stored in wall cabinets 12" deep above the 
laundry equipment, or in standard 24"-deep base 
cabinets nearby. 
0 0 0 
Open Joists in Basement Ceiling. Some joist 
spaces in basements can be used for storing long 
objects. Avoid spaces containing electrical wiring. 
C5.12 Indoor Storage 
Attic Space. If truss construction is used for the 
roof, the attic space should not be used for st~rage, 
because most trusses are not designed to carry the 
extra load. In many attics with sloping rafters, a 
suitable space for storage is over a central hall, 
which is usually well supported and has the most 
headroom. 
Storage is feasible over ceiling joists if their 
load-carrying capacity is adequate. Conservative 
practice permits allowable spans as follows: 
Attic Floor Joists Maximum Span Between 
(nominal size) Supporting Wails 
2 x 4 not to be loaded 
2x6 6'-0" 
2 X 8 8'-0" 
2 X 10 11'-0" 
Note: These sizes and spans are based on an attic load 
of 30 pounds per square foot, which corresponds to 
stacks of books or magazines 12" high. It is also based 
on a joist spacing of 16". For longer spans or wider joist 
spacings, the loading should be reduced to avoid 
cracking the plaster on the ceiling below. 
The attic space should be protected against the 
entry of pests, leaves, and rain or snow. Items 
stored in the attic may be subject to a large vari-
ation in temperature, from well below freezing in 
winter to as hot as 140°F in summer. Humidity 
can also vary widely. 
-T-i + ·-> 
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Storage over a central hall with stair access to attic 
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Above Upper Stair. Space above a stairway may 
accommodate storage with shelves that are access-
ible from the floor above, or even from the stairs. 
The required clearance above a stair is 6'-8". 
Below the Stairs. The space below some stairs 
can be used for storage. To protect against dirt, 
the stairs should have risers and be covered on the 
underside. (If installing risers, note that the tread 
should extend at least 1" beyond the face of the 
riser for safety.) This may be a good area for out-
of-season clothes, especially heavy garments, 
which can be placed in garment bags and hung 
from steel pipe storage racks. 
Crawl Space. Only a fully-enclosed crawl space 
that is free from moisture can be considered for 
storage. A portion of the space that is most access-
ible can· be paved if desired. A dehumidifier may 
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be necessary to limit humidity. For proper crawl-
space construction, see F4.4, Crawl-Space Houses. 
Converting a Crawl Space to a Basement. A 
crawl space that is adjacent to a partial basement 
can be expanded for easy access to storage by dig-
ging out the center. A ledge must be retained to 
support the original foundation. It should extend 
one foot horizontally for each foot of excavation 
depth. The soil must be firm; obtain an expert 
opinion on soil stability before digging. The 
ledge can be surfaced with concrete, and a new 
wall can be extended up from the new basement 
floor. It may be necessary to install an under-floor 
drain. 
If the floor joists are supported by a pier, they 
should be temporarily supported while the pier 
is removed and replaced with a full-height steel 
column. 
University of Illinois SHC-BRC 
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Kitchen Planning Standards 
This circular describes how 
to design and judge kitchen 
plans. It shows where to put 
counters, appliances, and 
cabinets, and it tells how 
much drawer and cabinet 
space to provide. 
2 
NEW KITCHENS, NEW DESIGNS 
Kitchen design has changed a great deal 
in recent years. Today, when two cooks 
share meal preparation, they need addi-
tional counter space and even an extra 
sink. Also, households today own more 
kitchen equipment such as food proces-
sors, coffee makers, and microwaves. 
Finding space for these appliances can be 
difficult. 
While storage space has always been 
one of the most important ingredients in 
a successful kitchen plan, providing ade-
quate storage for recycling is a new chal-
lenge that designers did not have to con-
sider before. Work islands with grills and 
cook-tops complicate the task of provid-
ing ventilation. Without a vent fan or 
hood over the cook-top, keeping the 
kitchen smoke and grease free may be 
more difficult. 
To develop a functional and attractive 
kitchen, you may need to develop two or 
more preliminary kitchen plans. How 
can you compare kitchen plans and de-
cide which cabinet or appliance arrange-
ment works best? While the design is 
still on the drawing board, evaluate the 
kitchen systematically. You may discover 
that the kitchen does not have enough 
storage, or that appliances are in awk-
ward locations. 
Kitchen plans can vary enormously. 
You may have to make compromises in 
the drawer or shelf space, in the counter 
space, or in the arrangement of appli-
ances. Compare plans and choose one 
that is closest to the household's require-
ments. 
In most cases, you can use stock cabi-
net dimensions to develop an efficient 
and workable plan. Dimensions in this 
circular are based on standard sizes of 
cabinets and appliances - not on 
custom cabinets. With ~ustom cabinets, 
you will have greater design flexibility, 
but the kitchen will be more expensive. 
Even when the budget allows custom 
cabinets, use the same planning princi-
ples to guide the arrangement of appli-
ances and cabinets. 
PlANNING A KITCHEN 
Although each household's possessions 
and living habits play a part in how 
much space is desired in the kitchen, re-
search has established some guidelines 
for "typical" kitchen size. The amount of 
space in the house places an upper limit 
on kitchen size. (Few people would want a 
kitchen that takes up half or three-quarters of 
the house- even if they really like to cook.) 
To balance people's ideas about their 
dream kitchen against the reality of lim-
ited house size, home economists have 
established kitchen standards for "typi-
cal" house sizes. 
Kitchens fall into three categories: 1 
.A. Minimum 
.4. Medium 
Liberal 
The minimum standards are recom-
mended for houses with a floor area of 
less than 1,000 square feet. The medium 
standards are for houses with 1,000 to 
1,400 square feet; and the liberal stan-
dards are for houses over 1,400 square 
feet. ("Floor area" includes the total area for 
all floors finished as living space. It does not 
include space in the garage, attic, or unfin-
ished basement.) 
Four Steps to Kitchen Planning 
Follow these four steps when planning a 
kitchen, and the kitchen will be efficient 
and comfortable. 
.A. Plan kitchen location and arrangement: 
Establish the relationship of the kitchen to 
the rest of the house, and plan the location 
of windows and doors. 
.A. Decide on a basic plan-U- or L-shaped, 
corridor, or one-wall: Check the traffic pat-
tern through the kikhen . 
.A. Choose suitable space standards: Deter-
mine the amount of storage, appliance, 
counter, and activity space required by the 
persons in the household. 
.A. Plan for efficient operation: Select the 
location and relationship of appliances and 
cabinets. Block these out on the plan, and 
determine if they are adequate to provide 
efficient work centers. 
Each of these steps is important, and all 
four must be coordinated to develop a 
successful kitchen plan. 
Once you have a plan for the kitchen, 
check the plan by using the scoring sys-
tem shown on pages 10 through 14. If the 
Building Research Council 
Doors swinging into the 
kitchen are not desirable. 
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Sliding doors do not block 
cabinets. 
check shows too many deficiencies, try 
arranging the appliances and cabinets in 
a different way. In some kitchens, mov-
ing a door or window will allow for a 
more efficient arrangement. 
Universal Design Features 
When you plan a kitchen, consider 
using universal design features. Univer-
sal design features provide safety, accessi-
bility, and adaptability for a variety of 
users: children, elderly persons, and per-
sons with disabilities ranging from mo-
bility or vision loss to a weak grasp due 
to arthritis. Universal design covers 
many aspects of kitchen planning, clear-
ance spaces and work heights; design of 
handles and controls; and the choice of 
appliances to minimize contact with hot 
surfaces. Kitchens with these features 
will be easier for all people to use 
throughout their lives. The scoring sys-
tem at the end of this guide shows the di-
mensions and modifications needed for 
universal design. 
PLANNING KITCHEN LOCATION 
First, think about the location of the 
kitchen in the house. The kitchen should 
be directly connected to the dining area 
and be easily accessible to the front en-
trance as well as to the service entrance. 
Access to an outdoor eating area is also 
desirable. 
If there are young children in the 
household, the kitchen should be located 
adjacent to, and have full view of, a play 
area. Avoid an arrangement that makes 
the work area the main thoroughfare to 
the rest of the house. 
Individual household preferences will 
determine whether the kitchen will in-
clude space for eating or extra storage. 
Space for other activities such as hobbies, 
laundry, or sewing should be planned at 
the same time as the kitchen. 
Doorways 
The number of doorways, their location, 
and the direction of door swing affect 
kitchen efficiency. In new construction, 
avoid placing doorways in comers. In 
older houses, a kitchen designer may 
have to work around existing door loca-
tions. It is also desirable to avoid door 
swings which conflict with the use of ap-
pliances, cabinets, or other doors. 
Doors should swing against the side 
of cabinets, or out of the kitchen. Do not 
allow doors to swing into the path of 
travel in hallways or other activity areas. 
Use sliding or folding doors in spaces 
with limited clearance. 
Windows 
The number and placement of kitchen 
windows affect the amount of space 
available for wall cabinets. Good build-
ing practice requires that the minimum 
glass area of a room equal10% of the 
floor area. You may wish to increase the 
window area to 15% or 20% to take ad-
vantage of natural light. However, if the 
wall with the windows faces north, or 
the house is in a cold climate, you may 
want to keep the percentage near the 
minimum 10% level. If the kitchen is part 
of a dining or family room, the windows 
need not be in the kitchen work area, but 
should be at least 10% of the total area. 
While daylight makes kitchens more 
pleasant to work in, obtaining the right 
balance between daylight and heat loss 
can be difficult. Skylights are an option 
to increase natural lighting. In cold cli-
mates, select skylights or windows with 
a high R-value to reduce condensation. 
Where summers are very warm, and 
the window wall faces west, you may 
want to minimize exposure to the sun. 
The sun's rays are hottest in the after-
noon, when the sun is low over the hori-
zon. West-facing windows will cause the 
kitchen to overheat if the glass area is 
large. 
CHOOSING A LAYOUT 
The shape of well planned kitchens can 
vary. But all should have sufficient wall 
space for appliances and the necessary 
cabinets and counters. 
Using Space Wisely 
Sometimes the kitchen design is affected 
by certain fixed dimensions imposed by 
the plan or structure of the house. For 
example, the location of a load -bearing 
wall may set the maximum width or 
length of the kitchen unless structural 
modifications are made. This means that 
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D 
~ E Corridor~ ~ 
Kitchen assemblies can take 
many shapes. 
In measuring the base-cabinet, 
wall-cabinet, and counter frontage, 
the inaccessible space in corners is 
not included. 
Wasted space 
A lazy-susan adds storage 
equal to 6 inches. 
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cabinets, counters, and appliances must 
be arranged to make the best possible 
use of the available space. 
Today, kitchens are often located next 
to family rooms, dens, or dining rooms. 
Layouts that use a peninsula or island 
help separate the kitchen's work area 
from other household living areas. Penin-
sulas and islands can also be planned as 
eating or serving spaces. 
Kitchen Configuration 
The assembly of counters and appliances 
may take any one of four basic shapes. 
You can create a comfortable and efficient work 
space with any of these configurations. 
.A One-wall kitchen 
.A L-shaped kitchen 
.A U-shaped kitchen 
.A Corridor kitchen 
To select the best assembly, determine 
the space available, and check to see if 
the cabinets and appliances will fit. If the 
kitchen opens into another space, the 
shape may incorporate a peninsula. The 
kitchen design may also benefit from an 
island, made from freestanding cabinets. 
When space is tight, a one-wall 
kitchen can be an appropriate option. 
However, for kitchens with medium or 
liberal standards, the distance between 
appliances in a one-wall kitchen could re-
quire the cook to do more walking. 
The "L" -shaped kitchen usually has 
no traffic through the work triangle, and 
it allows space for a dining area in the op-
posite comer of the room. (The work trian-
gle is defined by the location of the range, the 
sink, and the refrigerator.) This is also a con-
venient arrangement if more than one 
person uses the kitchen or if a person in 
a wheelchair prepares meals. 
The ''U" -shaped kitchen has counters 
and appliances on three sides. No traffic 
passes through the work triangle. A com-
mon modification is the ''broken-U" 
which has a passageway in one section 
of the "U", and, consequently, has traffic 
through the work triangle. 
The plan for a corridor kitchen places 
the counter and appliances on opposite 
sides of the work area. This plan elimi-
nates dead corners, but usually has traf-
fic through the work triangle. This and 
the ''U" shape are the most compact and 
convenient layouts; the cook does less 
walking than in the other arrangements. 
CABINET SPACE 
After deciding on the basic configura-
tion, the next step is to determine how 
much storage space will be needed. The 
amount of cabinet space the plan pro-
vides depends on the number of food 
items, utensils, and dishes to be stored. 
Families with special dietary needs (such 
as kosher kitchens where meat and dairy 
products are stored separately) may need 
additional storage. 
For efficient use, items should be 
stored where they are first used. Cabi-
nets near the kitchen eating area or the 
sink should provide enough space for 
dishes and glasses. And cabinets for serv-
ing dishes should be placed near the 
range. If the cook uses a microwave oven 
instead of a range, serving dishes used to 
heat food in the microwave should be 
stored near the food preparation area. 
Base Cabinets 
The typical base cabinet is 34 1 I 2 inches 
high. After the cabinet is installed, the 
countertop is placed on the cabinet, 
bringing the overall height to 36 inches. 
Most base cabinets have one drawer and 
two shelves. Typically, base cabinet 
shelves in stock cabinets are not adjusta-
ble. (Fixed shelves cause disorder and fa-
tigue. The storage space cannot be tai-
lored to the cook's needs.) 
To provide the most functional stor-
age, the plan should call for base cabi-
nets with more drawers, pull-out 
shelves, and flexible storage. Drawers, 
properly sized for the stored items and 
with good adjustable dividers, are the 
most functional storage units. Pull-out 
shelves, trays, and baskets work well 
and can be adjusted according to need. 
The length of the accessible base-cabi-
net front is known as the base-cabinet 
frontage. This frontage is an initial mea-
sure of the adequacy of kitchen storage. 
Although the bulk storage space 
under the sink is useful, it does not have 
multiple shelves, and, therefore, is not in-
cluded in the base-cabinet frontage. 
Drawers as a part of a freestanding or 
slide-in range do not provide adequate 
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Typical cabinets have shelves and a 
single drawer. 
Functional cabinets have 
adjustable shelves and drawers 
with divided storage. 
12"to 24" 
Nominal 
depth 
Tall cabinet 
with six or 
more shelves 
Storage walls, with shelves extend-
ing from the floor to at least 72 
inches in height, provide maximum 
storage, but should be used only if 
other cabinets have ample counters. 
storage and should not be included in 
frontage calculations. 
The recommended standards for total base-cabi-
net frontage are as follows: 
.A. Minimum 6 feet 
.A. Medium 8 feet 
.A. Liberal 1 0 feet 
Items stored in comer base cabinets 
with stationary shelves are difficult to 
reach. Do not include this storage when 
computing base-cabinet frontage. Use of 
turn-around shelves (lazy-susans) or other 
fully accessible corner storage devices 
makes it easier to reach items stored in a 
comer base cabinet. Full use of the cor-
~er area provides extra storage equal to 6 
Inches of base cabinet frontage. How-
ever, shallow turn-around cabinets add 
no storage. 
Wall Cabinets 
The typical wall cabinet is 30 inches high 
and has two to three adjustable shelves. 
As with base cabinets, adjustable shelves 
allow th~ shelves to be spaced according 
to the height of the stored items, thereby 
reducing wasted space. 
Place wall cabinets 15 to 18 inches 
above the counter. This allows ample 
room for a mixer or other equipment 
used on the counters. For convenience in 
daily use, place the third shelf of wall 
cabinets no more than 72 inches from the 
floor. 
The amount of dinnerware is the key to wall-
cabinet storage requirements. 
.A. With dinnerware storage for four people, 
wall-cabinet frontage should equal the rec-
ommended base-cabinet frontage. 
.A. When planning to store dinnerware for 
12 people, the walkabinet frontage 
should be increased by 48 inches. 
Place wall cabinets for everyday 
dishes near either the sink or the dining 
area (preferably accessible to both). Also, 
place wall cabinets above all counters 
where food will be prepared and above 
the major appliances. 
~hen measuring the frontage of wall 
cabmets, do not count wall cabinets over 
th~ re!rigerator, oven, sink, and range or 
built-In range-top. These cabinets are 
generally too high for everyday use, but 
they provide storage space for items 
used infrequently. 
Storage-Wall Cabinets 
If wall-cabinet frontage needs exceed the 
amount of base-cabinet frontage, or if the 
space available for wall cabinets is lim-
ited, as in kitchens with large windows, 
use a full-height cabinet. 
A full-height cabinet, known as astor-
age wall or pantry, contains six or more 
shelves and provides storage at a conve-
nient and accessible height. A storage 
wall or pantry unit is 12 to 24 inches 
deep and 72 to 84 inches tall. Each inch 
of frontage in a storage wall at least 12 
inches deep is equal to 2 inches of wall 
cabinet frontage. Each inch of frontage in 
a storage wall at least 20 inches deep 
equals 2 inches of base-cabinet frontage. 
. The location of the storage wall may 
vwlate the recommendations for putting 
storage at the place of first use. However, 
this is not a severe disadvantage if the 
kitchen has at least 6 feet of three-shelf 
wall cabinets over the work counters and 
a counter near the storage wall. 
SPACE FOR APPUANCES 
Space must be planned for the major 
kitchen appliances. The frontage for each 
appliance varies with the different makes 
and models. 
. If you plan the kitchen before selecting the ap-
plzances, use the following allowances: 
.A. 36 inches for the refrigerator 
.A. 36 inches for a double-bowl sink 
.A. 27 inches for a single-bowl sink 
.A. 24 inches for a dishwasher 
.A. 30 inches for a built-in wall oven 
.A. 24 inches for a separate microwave oven 
.A. 30 inches for a freestanding range 
.A. 36 inches for a built-in cook-top 
If yo~ select appliances before planning 
the kitchen, use the actual dimensions. 
Also try to select appliances (such as the 
dishwasher and kitchen ventilation fan) that 
operate quietly. 
The size and type of appliances will af-
fect the available storage and counter 
space. For example, a built-in oven will 
decrease counter space; however, base 
cabinet frontage may increase depending 
on the overall height of the built-in oven. 
A built-in cook-top usually increases 
~ase-cabinet frontage because a cook-top 
IS shallow and provides usable storage 
below. 
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Combine the counter frontage on 
both sides of a corner. This deter-
mines the frontage serving appli-
ances on either side of the corner. 
:II I I i; ___ J c:::J 8 l _____ l 
I Work area: I I L 
I 48" Minimum o:o 
-r--L- 54" Medium Access space: 60" Liberal 1 o!o 30" Minimum 
34" Medium 
I 38" Liberal 
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Access space and work area 
clearances make it possible to 
work efficiently in a kitchen. 
If two people cook and share food 
preparation, separate the cooking units, 
such as a cook-top and a microwave 
oven. Also, add a second sink, even if 
this reduces counter and storage space 
slightly. In two-cook kitchens, the second 
sink can reduce traffic in the work area. 
COUNTER SPACE 
Provide counter space on both sides of 
the sink and adjacent to all appliances. 
The recommended standards for mini-
mum, medium, and liberal amounts of 
counter space for various locations are 
shown below. 
Recommended Counter Frontage 
Location Minimum Medium Liberal 
On the latch side of the 15" 15" 18" 
refrigerator for setting 
out supplies 
A t the right of the sink 24" 30" 36" 
for stacking dirty 
dishes* 
At the left of the sink for 18" 24" 30" 
stacking clean d ishes (If 
a dishwasher is placed 
to the left, 24 inches is 
liberal.) 
Somewhere in the 36" 36" 42" 
assembly for food 
preparation 
Beside the range or 15" 18" 24" 
built-in surface unit for 
setting out servin~ 
dishes or plates ( his 
does not include any 
area on the range .) 
Beside the regular oven 15" 15" 18" 
On the latch side of the 15" 15" 18" 
microwave oven 
*These assume a right-to-left dish washing sequence. If the 
sequence is reversed, the counter requirements ore reversed . 
-~ .. -'• -
!"- In most kitchens, the counter space is 
\ continuous; some counters can be used 
I Walking P 1 Edging space for more than one function. Whenever 
GO" Liberal ---1 ;::: ~~~~~m two or more counters are combined, the 
The recommended activity space in 
the work area permits walking or 
edging past a person using an 
appliance. 
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multiple-use counter should equal the 
longest counter in the group plus 12 
inches. However, the combination of 
multiple-use counters should not reduce 
the total base-cabinet frontage below the 
recommended total. 
ACTIVITY SPACE 
Activity space is the space a person 
needs to function efficiently in the 
kitchen. Cooks need space to move 
around without bumping into open cabi-
nets, dishwashers, or refrigerators. Activ-
ity space falls into two categories- ac-
cess space and work area. 
Access space is the space needed to 
open and close cabinets and appliances. 
This space is critical in comers and when 
cabinets are at right angles to each other. 
Cooks also need adequate work areas. 
Work area space is provided so that an-
other person can walk or edge past the 
cook. 
Two other space requirements are also 
important in a kitchen-space for a din-
ing area and access space in front of a 
storage wall. The "minimum,""me-
dium," and "liberal" allowances for the 
four activity spaces are given below. 
Access Space 
Access space is the space between cabi-
nets or appliances at right angles to each 
other. To provide access to the side of 
such a space, use 30 inches minimum, 34 
inches medium, and 38 inches liberal. 
Work Area 
Work area space should provide room 
for another person to walk or edge past. 
The recommended clearance for the 
work area between base cabinets or ap-
pliances opposite each other is 48 inches 
minimum, 54 inches medium, and 60 
inches liberal. The medium and mini-
mum standards are only wide enough to 
allow a person to tum sideways and 
edge past the cook. 
The same clearances are required from 
a counter front to a table, a wall, or to the 
face of a storage wall if the space is part 
of a work area. 
Dining Area 
The dining area can be part of the 
kitchen or separated by a peninsula or 
counter. Different clearances are recom-
mended for the space beside a dining 
table that does not face a workspace. 
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A 
30" Minimum 
36" Medium 
44" Liberal 
Ill lj 
26" Minimum . 
30" Medium 
36" Liberal 
c 
30" Minimum 
34" Medium 
38" Liberal 
Dining areas must provide enough 
room for chairs and passageways. 
A Space for a passageway. 
8 Space to edge past a seated per-
son or to rise from a chair. 
C Space to use a storage wall with 
a chair at the table. 
If there is no passageway or counter 
space (see "B," at left), the clearance from 
the table to a wall or counter back should 
be 26 inches minimum, 30 inches me-
dium, and 36 inches liberal. Liberal clear-
ance allows a person enough walking 
space to leave the table without disturb-
ing others. 
If there is a passageway along one 
side of the table (see "A," at left), the clear-
ance to a wall or counter back should be 
30 inches minimum, 36 inches medium, 
and 44 inches liberal. The liberal clear-
ance allows room for a person to walk 
past a seated person; an additional6 
inches is needed for a person to walk 
past a person seated in a wheelchair. 
Storage wall access is space in front of 
the storage wall (see "C," at left). If there 
is no passageway, the clearances between 
the front of a storage wall with sliding 
doors and a table or a wall should be 30 
inches minimum, 34 inches medium, and 
38 inches liberal. For storage walls with 
hinged or folding doors, allow room for 
the door to swing open plus 16 inches. 
For access by a person in a wheelchair, 
60 inches of clearance is needed in front 
of the storage wall. 
Combined Clearances 
Space in a kitchen may fall into more 
than one category. For instance, you may 
have a dining area adjacent to the stor-
age wall access. 
When an area qualifies under two of the follow-
ing categories, use the largest clearance: 
_., Access space 
A. Work area 
A. Dining area 
A. Storage wall access 
Clearances never need to be larger 
than those given for the "liberal" allow-
ance.2 Clearances larger than the "lib-
eral" recommendations require the cook 
to do more walking. Most people prefer 
additional storage space, not more clear-
ance. The space allowances shown for 
"liberal" clearances also allow adequate 
access and work clearance for persons 
using wheelchairs or walkers. 
PlANNING FOR EFFICIENT OPERATION 
After determining the kitchen layout 
and choosing suitable space standards, 
the next step is to arrange the appliances 
and work areas for maximum efficiency. 
Each kitchen has areas for food prepara-
tion or clean-up. The arrangement of 
these work areas, or centers, is critical to a 
functional kitchen. As you plan the gen-
eral kitchen arrangement, concentrate on 
the location of these work centers. 
The following four work centers should be in-
cluded in every kitchen plan: 
A. Refrigerator 
A. Sink 
A. Food preparation 
A. Range-serve 
Each center includes storage cabinets, 
work counters, and the appliances re-
quired for that particular activity. 
Arrange the work centers to reduce 
the amount of walking in the kitchen 
and to allow work to flow easily from 
one center to another. The work areas 
should not be split by traffic. Normally, 
the greatest number of trips during meal 
preparation occurs between the sink and 
the primary cooking unit (top of the range, 
cook-top, or microwave); many trips occur 
between the food preparation center and 
the sink and between the food prepara-
tion center and refrigerator. 
A convenient sequence for a right-
handed person is from right to left; that 
is, the refrigerator center followed in 
tum by the food preparation, sink, and 
range-serve centers. However, having 
each center complete in itself, with ade-
quate counter and storage space, is more 
important than having the correct se-
quence. 
Counter space for two or more centers 
can be combined. It is usually best to 
combine counters for at least two centers 
into one continuous counter, with corre-
sponding storage above and below. For 
instance, the plan may call for the sink 
center to include a dishwasher. The 
range-serve center can be modified to in-
clude range ventilation or an oven. The 
microwave may be part of the range-
serve center, or it can become its own 
center. 
An isolated unit is satisfactory if it is a 
complete center (with storage cabinets and 
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Tall equipment between two count-
ers blocks the flow of work. 
A sink too close to the inside corner 
of a counter restricts access to the 
sink counter when two people are 
working. 
A counter surface 12 inches wide at 
each side of the range or surface 
unit provides for safety and serves 
as a place to put hot pans. 
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work counters), and not merely an appli-
ance standing by itself. Perhaps the plan 
will work better with a separate oven or 
microwave center. 
Refrigerator and Oven Centers 
The first step in planning the arrange-
ment of the centers is to place the tall ap-
pliances - the refrigerator and built-in 
oven. Locate these appliances to avoid 
blocking the flow of work from one 
counter to another. 
Position the refrigerator to avoid inter-
fering with the transfer of food between 
counters and the dining table. If the re-
frigerator is hinged at the right, it should 
be at the right end of the counter. This lo-
cation is convenient for transferring food 
to and from the refrigerator. The door 
swing on most refrigerators, with the ex-
ception of side-by-side models, can be 
easily reversed by putting the hinge on 
the other side. 
In meal preparation, the built-in con-
ventional oven is used much less than 
the sink, refrigerator, or cook-top. There-
fore, saving steps is not an important fac-
tor in establishing the built-in oven loca-
tion. If practical, it should be near the 
food preparation center. 
Sink Center 
The sink with its adjoining cabinets is by 
far the most-used center.3 It should be 
centrally located. A second sink is conve-
nient in kitchens used by more than one 
person. Installing the sink along an inte-
rior wall, possibly back-to-back with an-
other room with plumbing in it, will cost 
less and in cold climates is a good build-
ing practice. With a comer sink, the 
plumbing can be placed on the interior 
wall, while a window near the comer 
provides the view. 
When planning the location of the pri-
mary sink in an ''L" or "U" -shaped as-
sembly, it is important to allow standing 
space on each side of the sink. For mini-
mum and medium kitchens, 9 inches of 
counter frontage is needed, measured 
from the edge of the sink bowl to the cor-
ner of the counter fronts. In liberal kitch-
ens, 15 inches is recommended. When 
there is more than one sink in the kitchen 
the counter frontage and storage recom- ' 
mendations apply to the primary sink. 
Food Preparation Center 
A food preparation center will be 
equally convenient if it is placed between 
the refrigerator and sink or between the 
sink and range. If a microwave oven is 
used in meal preparation, it should be 
placed near the food preparation center. 
Storage for most packaged, canned, and 
bottled foods should be nearby. 
If one food preparation center is to be 
used simultaneously by two persons, ex-
tend the counter frontage requirement by 
24 inches to a minimum of 60 inches. 
However, if the center is located at a cor-
ner, even a 60-inch center is difficult for 
two persons to use at the same time. 
Range-Serve Center 
Avoid placing the range or cook-top 
under a window. The curtains may catch 
fire, and reaching over the range to open 
windows would be hazardous. To pre-
vent passers-by from accidentally hitting 
the handles of pots containing hot liq-
uids, include a minimum of 12 inches of 
counter on each side of the cooking unit. 
Since this counter will also serve as a 
space to set down hot pans, a heat-resis-
tant counter material or insert should be 
used on at least one side. 
Today, meals are often prepared in a 
microwave oven, not on the top of the 
range. If the microwave is essential to ef-
ficient meal preparation, ensure that the 
microwave is placed in the central work 
area. When planning the central work 
area, you may need to place the micro-
wave where you would normally place 
the range. 
If the microwave is used primarily for 
heating snack or convenience foods, it 
may be placed out of the central work 
area. There should be a minimum of 15 
inches of counter next to the microwave.4 
Also, place the microwave at a height 
that is accessible and safe for all users. 
When planning the location of cook-
tops or ranges, consider how these 
smoke-producing appliances will be ven-
tilated. Use kitchen ventilation at the 
range or cook-top to remove water 
vapor, grease, smoke, odors, and combus-
tion gases. Grease and smoke will make 
walls and ceilings dirty. 
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The work triangle is a gauge of 
kitchen efficiency. It is measured 
from the center front of the sink, 
range, and refrigerator. 
Two types of ventilation appliances 
are common - recirculating and exhaust 
systems. While both are sold as range 
ventilation systems, the recirculating sys-
tems do not remove water vapor or com-
bustion gases. They merely pass the air 
above the range top through a filter then 
return it to the room. Effective ventila-
tion can only be achieved with an ex-
haust system. 
For cook-top ventilation, select a hood 
that extends over most of the cooking 
area to remove cooking contaminants. 
When the range or cooking top is placed 
in an island, down-draft ventilation sys-
tems, usually incorporated in the cook-
ing appliance, may be used. Down-draft 
ventilation removes combustion gases 
and other cooking contaminants from 
low pans and grills that are closest to the 
vent. However, down-draft ventilation is 
not as effective in venting vapors from 
large pots or pans farther from the vent 
intake. 
Work Triangle 
Establish an efficient "work triangle" be-
tween the major appliances. Meals can 
be prepared more efficiently if the sink, 
refrigerator, and the primary cooking 
unit (e.g., top of the range, cook-top or micro-
wave) are at points of a triangle. The total 
of all three sides should preferably be 
less than 23 feet, but never over 26 feet. 
The distances should be measured from 
the center front of each appliance. The tri-
angle is smallest with the corridor and 
"U" assemblies. Check the location of 
doorways, and make sure the traffic pat-
tern through the kitchen will not cut 
across the work triangle. 
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Kitchens designed for use by more 
than one person may have two work tri-
angles. The refrigerator center is typi-
cally common to both triangles, and two 
sinks and/ or two separate cooking cen-
ters (e.g., cook-top and microwave oven) are 
provided. 
HOW TO SCORE KITCHEN PLANS 
The most difficult part of the kitchen to 
design is the food preparation area, not 
the great room or dining alcove that may 
adjoin the kitchen. This working heart of 
the kitchen should be arranged for maxi-
mum efficiency. 
A "Kitchen Rating System," based on 
the planning recommendations in this 
circular, has been devised by the Build-
ing Research Council as a guide for judg-
ing kitchen designs. The rating system 
can be used on any residential kitchen 
using conventional storage cabinets.5 
The rating system assigns a point 
value to each item in the kitchen plan. 
The higher the score, the better the 
kitchen plan. Since some planning faults 
are more serious than others, the points 
assigned to each factor below have been 
weighted accordingly . 
The basic requirements for the successful de-
sign of the kitchen work area are the following: 
A Storage 
A Appliance space 
A Counters 
A Activity space 
The scoring system is divided into 
two parts. Part I is used to evaluate the 
amount of storage and counter space. 
Part II is used to evaluate the arrange-
ment of appliances, storage, and activity 
space. 
All of the requirements of the second 
part of the scoring system are not appli-
cable in every kitchen arrangement. 
When a requirement does not apply, 
score the maximum number of points to 
avoid penalizing a kitchen unnecessarily. 
The liberal kitchen is desirable in a large 
house, but may be an extravagant use of 
space in a small house. Therefore, several 
items in the scoring system have three 
separate ratings to evaluate the kitchen 
according to the total house area. 
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Kitchen Planning Scoring Chart 
PART 1: Storage and Counter Space 
1. 
Storage 
Base cabinets must have at least one drawer and two shelves not less 
than 20 inches deep. Drawers are preferable to stationary shelves. In-
clude storage below built-in cooking surface unit and below oven if the 
storage space is at least 20 inches high. Each inch of frontage in a full-
height storage wall at least 20 inches deep as equal to 2 inches of base 
cabinet. Do not include cabinet space under the sink, drawers in ranges, 
corner cabinets with stationary shelves. 
Total base-cabinet frontage = ___ inches. 
House size less than 72" 96" 120" 
72" to 95" to 110" or more 
less than 1,000 sq. ft . 0 17 17 17 
1,000-1,400 sq. ft . 0 12 17 17 
over 1,400 sq. ft. 0 7 12 17 
Wall cabinets must have 3 or more shelves at least 10 inches deep. In-
clude each inch of frontage in a full-height storage wall at least 12 inches 
deep as equal to 2 inches of wall cabinet. Do not include cabinets over 
ranges, refrigerators, built-in ovens, sinks, or comer cabinets with station-
ary shelves. 
2. 1btal wall-cabinet frontage = ___ inches. 
House size less than 73" 96" 120" 144" 
72" to 95" to 119" to 143" to 167" 
less than 1 ,000 sq . ft . 0 17 17 20 20 
1,000-1,400 sq. ft . 0 12 17 17 20 
over 1 ,400 sq .ft . 0 7 12 17 17 
Counter Space 
The "length of counter'' refers to the total frontage for a section of 
counter that extends between appliances or that extends from an appli-
ance to the end of the counter. This may be the combined frontage of a 
continuous counter on two adjoining walls. The frontage of any section 
of counter can be scored for more than one of the following needs. 
3. Length of counter frontage adjacent to the latch side of the refriger-
ator= ___ inches. 
House size 
less than 1 ,000 sq . ft. 
1 ,000-1 ,400 sq. ft. 
over 1 ,400 sq. ft. 
10 
less than 15" 15" to 17" 1 8" or more 
0 
0 
0 
5 
5 
2 
5 
5 
5 
168" 
or more 
20 
20 
20 
SCORE 
Find your score from 
the tables at the left and 
enter points in the boxes. 
D 
D 
D 
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4. Length of counter frontage to the right of the sink bowl**= ___ inches. 
House size less than 24" 24" to 29" 30" to 35" 35" or more 
less than 1,000 sq . ft . 0 10 10 10 
1,000-1,400 sq . ft. 0 6 10 10 
over 1,400 sq. ft . 0 3 6 10 
5. Length of counter frontage to the left of the sink bowl**= ___ inches. 
House size less than 18" 18"to 23" 24" to 29" 30" or more 
less than 1,000 sq, ft . 0 10 10 10 
1,000-1 ,400 sq . ft . 0 6 10 10 
over 1,400 sq . ft . 0 3 6* 10 
• If dishwasher is used score 10 points. 
•• These counter requirements assume a right-to-left dishwashing sequence. 
6. Length of counter frontage to both sides of either the range or built-in surface 
unit = ___ inches. 
House size less than 15" 15"to 17" 18"to 23" 24" or more 
less than 1,000 sq . ft . 0 5 5 5 
1,000-1,400 sq . ft . 0 3 5 5 
over 1,400 sq. ft . 0 1 3 5 
7. Length of counter frontage to one side of the oven= ___ inches. 
House size less than 15" 15" to 17" 18" or more 
less than 1,000 sq. ft. 0 5 5 
1,000-1,400 sq. ft . 0 5 5 
over 1,400 sq . ft . 0 2 5 
8. Length of counter frontage at the microwave oven = ___ inches. 
House size less than 15" 15" to 17" 18" or more 
less than 1,000 sq. ft . 0 5 5 
1,000-1,400 sq . ft . 0 5 5 
over 1,400 sq . ft . 30 2 5 
9. Length of counter frontage for mixing = ___ inches. 
House size less than 36" 36" to 41" 42" to 47" 48" to 53" 
less than 1,000 sq. ft . 0 7 10 10 
1,000-1 ,400 sq . ft . 0 7 10 10 
over 1,400 sq . ft . 0 3 5 7 
10. Total amount of counter frontage= ___ inches. 
House size less than 72" 72" to 95" 96" to 1 07" 1 08"or more 
less than 1,000 sq. ft . 
1,000-1,400 sq . ft . 
over 1,400 sq .ft . 
0 
0 
0 
13 
8 
3 
13 
13 
8 
13 
13 
13 
54" or more 
10 
10 
10 
D 
D 
D 
D 
D 
D 
D 
Total Part I 
11 
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PART II: Arrangement 
Stora e 
11. If the base cabinets have at least 9 drawers or pull-out trays (one at least 24 
inches wide and 12 inches deep with vertical pan dividers and another not more 
than 3 inches deep inside): . . . . . . . . . . . . . . . . . . . . . . . . 
12. Wall cabinets are scored according to the location and storage capacities: 
a) If wall cabinets have adjustable shelves . . . . . . . . . . . . . . . . 
b) If there are at least 42 inches of wall cabinets within 72 inches of the center 
front of the sink: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
c) If there are at least 72 inches of wall cabinets over 
the counter space: . . . . . . . . . . . . . . . . . . 
d) If the wall cabinets are at least 15 inches above the counter top and if the third 
shelf is no more than 72 inches above the floor: . . . . . . . . . . . . . . . . . . 
Counter 
13. If the length of the counter front between the edge of the sink and the corner of a 
counter is: at least 15 inches in a house larger than 1,400 sq. ft., or at least 9 
inches in a house smaller than 1,400 sq. ft.* ............ . ..... . 
*If a kitchen has a sink without counter space on either side, it should be automatically 
ranked poor. 
Appliances 
14. If two or more of the primary work centers (sink, range-serve, refrigerator) ad-
. .score 3 points 
.score 4 points 
.score 3 points 
.score 10 points 
.score 6 points 
. .score 3 points 
join each other: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .score 10 points 
15. The scoring for dishwashers varies according to whether the dishwasher is built-
in or portable: 
a) If the center front of a built-in dishwasher is not more than 72 inches from the 
center front of the sink: . . . . . . . . . . . . . . . . . . . . . . . . . . . . .score 10 points 
b) If a portable dishwasher is stored so that it does not interfere with usage of 
any cabinets or appliances: . . . . . . . . . . . . . . . . . . . . . . . . . . .score 10 points 
c) If there is no dishwasher, these requirements are not applicable, 
therefore: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .score 10 points 
16. If no two work centers are separated l;ly a tall appliance (refrigerator or built-in 
oven) or a full-height storage wall: . . . . . . . . . . . . . . . . . . . . . . . .score 6 points 
17. If there is a double-bowl sink or a single-bowl sink and an automatic dishwasher 
(front opening) in a liberal or medium kitchen, or a single-bowl sink in a mini-
mum kitchen: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .score 3 points 
Activity Space 
18. Clearance to provide access between the front of a cabinet or appliance and the 
blank face of an assembly at right angles to it= ___ inches. 
House size less than 30" 30" to 33" 34" to 37" 38" or more not applicable 
less than 1 ,000 sq. ft. 0 6 6 6 6 
1,000-1,400 sq. ft. 0 4 6 6 6 
over 1,400 sq. ft. 0 2 4 6 6 
12 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
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19. Clearance for the work area between base cabinets or appliances opposite each 
other = ___ inches. 
The same clearance is required from a counter front to a table, wall, or 
face of a storage wall if the space is a work area. 
House size 
less than 1,000 sq. ft. 
1,000-1,400 sq. ft. 
over 1,400 sq. ft. 
less than 48" 48" to 53" 54" to 59" 60" or more 
0 
0 
0 
6 
4 
2 
6 
6 
4 
6 
6 
6 
20. Determine the score for the work triangle by adding up the legs of the 
triangle: 
a) If the length of the work triangle (the sum of the distances between the center 
front of the primary sink, refrigerator, and the primary cooking unit) is less than 
23 feet . . . . . . . . . . . . . . . . . . . . . . . .score 8 points 
b) If the length of the work triangle is 23 to 26 feet ... 
c) If the length of the work triangle is more than 26 feet 
21. If the traffic from the front door or service entrance to the rest of the house does 
not cross the work triangle or there is an alternative route outside of the work tri-
.score 4 points 
.score 0 points 
angle that does not conflict with other activities: . . . . . . . . . . . . . . . . . . .score 6 points 
22. Check the location and swing of doors, and score accordingly: 
a) If all doors, including the refrigerator door, swing so they do not interfere 
with the work area in front of counters or appliances: 
b) If only one door interferes 
c) If two or more doors interfere 
.score 10 points 
.score 5 points 
.score 0 points 
The kitchen plan can 
be reviewed to avoid 
faults. Some of the 
critical measurements 
and placement factors 
are shown here. The 
numbers refer to the 
corresponding steps in 
the scoring system. 
D 
D 
D 
D 
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Windows 
If the window dimensions cannot be measured or determined from 
plans, assume a glass height of 36 inches. For a kitchen that has a wall 
that opens into a dining or family room, the windows need not be in the 
kitchen, but they should equal10% of the combined room area. 
23. If the total glass area in windows (width times height) is at least 10% of the 
total floor area of the kitchen: . . . . . . . . . . . . . . . . . . . . . . . . . . . . .score 6 points 
Ventilator 
For mechanical ventilation use either a kitchen exhaust system with a 
minimum air-flow capacity of 100 cfm (cubic feet per minute) or a contin-
uous low-flow exhaust system of 25 cfm. Mechanical ventilation must be 
provided in cold climates. 
24. If there is an operable window in the kitchen or there is mechanical ventilation 
Safe 
25. If the heating units of the range or cook-top are arranged so that the pot handles 
overhang the front or side of the counter or extend over other heating 
units: ..................................... . 
26. If the vertical clearance above the range or cook-top to cabinets is less than 30 
inches or if the vertical clearance to cabinets protected with a flame retardant 
millboard covered either with sheet metal or a metal ventilating hood is less than 
24 inches: ................ . 
27. If the range or cook-top is below a window: . . . . . . . . . . . . . . . . . . . . 
.score 3 points 
Total Part II 
. .deduct 6 points 
.deduct 15 points 
.deduct 10 points 
Rating Total Deductions 
The scoring system is divided into two parts. For 
example, 96/91, would indicate 96 (Excellent) in 
storage and counter space and 91 (Fair) in ar-
rangement. The rating for each part shall be as 
follows: 
Total part I = 
(Storage) 
Excellent 
Good 
Fair . 
Poor 
96-100 
92-95 
85-91 
84 or less 
Final Score Part II = I 
(Arrangement) 
~------------~ 
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Final Score, Part II 
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The Kitchen Score-How To Use It 
COMPARING TWO PLANS 
The two kitchen plans illustrated show how the scoring system can be used to plan efficient kitchens. Cabinet sizes and 
clearances are shown, but cabinet heights, drawers, and adjustable shelves are not. The scores assume the cabinets meet 
these requirements. The plans are scored based on recommendations for liberal kitchens. 
Both plans occupy the same space, 10'-0" by 13' -6", and have the same number of doors and the same provisions for 
dining area. The difference between them lies in the number of appliances, the amount of storage and counters, and the 
arrangement of those elements. However, the available space is used better in Plan B. 
Plan A 
In this plan, the sink unit and the adjoining cabi-
nets furnish all the storage and counter space for 
the kitchen. The range and refrigerator are placed 
together, away from the rest of the equipment. 
The faults in the kitchen result in a "poor" rat-
ing for both Part I, Storage and Counter Space, and 
Part II, Arrangement. 
PART I 
Step Amount 
1 84" 
2 84" 
~ 3 0 
0 4 42" ~ 
9 ~ 5 42" 
0 ~ 6 0 E ,-... 7 0 8 P\ -.2. 9 42" 10 84" 
t 
Total Part I 
Score 
7 
7 
0 
10 
10 
0 
0 
5 
5 
3 
47 
The primary faults are the following: 
.A. Insufficient base cabinet and wall cabinet; 
.A. Lack of counter beside the range and refrigerator; 
.A. Inadequate counter for the mix center; 
.A. Traffic through the work triangle; 
.A. The dining area interferes with the work area; 
.A. The door interferes with the use of the refrigerator. 
PART II 
Step Amount Score Step Amount Score 
11 3 18 6 
12a 4 19 48" 2 
12b 84" 3 20 14'-1" 8 
12c 84" 10 21 0 
12d * 6 22 5 
13 42" 3 23 13.3% 3 
14 10 24 3 
15 10 Subtotal 85 
16 6 25 -6 
17 3 26 0 
27 0 
Total Part II 79 
* The score is based on the use of cabinets which meet these requirements . 
Plan B 
This room is the same size as in Plan A, with plan-
ning faults corrected. The location of the corner 
door has been changed to allow more cabinets, 
which occupy two walls. The additional storage 
space for dinnerware for 12 people, credited in step 
2, was obtained by using patt of a storage wall be-
tween the kitchen and an adjoining room - space 
which is outside the kitchen. 
Because wall cabinets are installed above all 
counters, there is room for only one window. To 
provide sunlight, more window area was 
PART I 
Step Amount Score 
1 138" 17 
2 168" 20 
3 36" 5 
4 36" 10 
5 54" 10 
6 54" 5 
7 18" 5 
8 18" 5 
9 54" 10 
10 108" 13 
illlll ill ll illllllllllllllllllllllllillllllllllllllll illllll 
Total Part I 100 
needed. The additional glass area is in a room open-
ing into the kitchen, but it could have also been 
provided by skylights. 
This plan has a built-in oven, cook-top, and dish-
washer. With the dishwasher placed at the right of 
the sink, the requirements for sink counter-space 
improve. 
This kitchen rates "excellent" in both Part I and 
Part II of the scoring system and more closely 
meets recommendations for universal design and 
two-cook kitchens. 
PART II 
Step Amount Score Step Amount Score 
11 3 18 6 
12a 4 19 60" 6 
12b 102" 3 20 21'.0" 8 
12c 120" 10 21 6 
12d * 6 22 10 
13 30" 3 23 3 
14 10 24 3 
15 30" 10 Subtotal 100 
16 6 25 0 
17 3 26 0 
27 0 
Total Part II 100 
Storage Wall * The score is based on use of cabinets which meet these requirements 
15 
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UNIVERSAL DESIGN 
Universal design features contribute to 
the safe, accessible, and adaptable use of 
the kitchen and accommodate varying 
needs throughout a person's life. 
All items in the score sheet are important for 
universal design; however, the following items 
must be met: 
.& Items 1 through 10 must all meet 
minimum standards or greater. 
.& For items 11, 12a, 14 and 16, use the 
minimum requirements indicated. 
.& For items 18 and 19 use the liberal 
requirement. 
.& The unsafe conditions described in items 
25, 26, and 27 must not occur. 
As in every kitchen, going beyond the 
minimum requirements will make the 
kitchen a more comfortable space in 
which to work. Additional desirable fea-
tures include: 
Endnotes 
1 In establishing these standards, the number and 
kinds of items to be stored were based on previous 
research as reported in Small Homes Council Circu-
lar C5.31, "Cabinet Space For The Kitchen." Kitch-
ens meeting limited-minimum requirements are called 
"minimum" kitchens; those meeting limited-ample or 
liberal-minimum requirements are called "medium" 
kitchens; and those meeting liberal-ample require-
ments are called "liberal" kitchens. 
2 The "liberal" space standards are from Space 
Standards for Household Activities-University of Illi-
nois Agricultural Experiment Station Bulletin 686 by 
H.E. McCullough, Kathryn Philson, Ruth H. Smith, 
Ann L. Wood and Avis Woolrich. 
.& Work space at more than one height, 
such as 30 inches as well as 36 inches. 
.& Cabinet units under the sink and 
cook-top should oot have a center stile; the 
base of these cabinets should be remov-
able for wheelchair access. 
TWO-COOK KITCHENS 
Kitchens may need to accommodate 
more than one person in the household. 
If two persons share food preparation 
and clean-up, the following items should 
be met as indicated . 
.&Items 4 and 5 are critical for the primary 
sink in the kitchen. Counter frontage to 
both sides of a secondary sink is desirable; 
at a minimum, one side should meet the 
standard in Item 5. 
.&Item 9 should be a minimum of 60 inches 
if two persons use this mix center simulta-
neously. If two persons work simultaneously 
but at two separate mix areas, use the stan-
dards in Item 9 for each of the mix areas. 
3 Data reported in "Illinois Research" by the Illi-
nois Agricultural Experiment Station, Winter, 1961, 
in article entitled "Kitchens to Date - Practical, Con-
venient Arrangements," by Helen McCullough and 
Mary B. Farnham. 
4 Olson, W .W ., & Yust, B.L. (1987) . Shared 
meal preparation in residential kitchens: Implications 
for kitchen planning . Journal of Consumer Studies 
and Home Economics, 11 267-27 4 . 
5 Building Research Council, "Kitchen Rating Sys-
tems." Although most of the principles set forth are 
applicable to large houses, it is not the intent of this 
scoring system to analyze kitchens where storage 
and counter space is more than "liberal." 
6 American Society of Heating, Refrigerating 
and Air Conditioning Engineers. 1988. ASHRAE 
Standard 62-1981 R. 
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C5.7 BATHROOM PLANNING STANDARDS 
Unless the basic principles of good planning are 
followed in the design of the bathroom area, the 
comfort, convenience, and safety of future occu-
pants of the house are compromised. After the 
bathroom is built and the plumbing and equip-
ment installed, the correction of planning mis-
takes or omissions becomes costly, and is often 
structurally impractical. For instance, grab bars 
FIXTURE DIMENSIONS 
The size of the fixtures to be used must be 
known at the start of the planning process. The 
dimensions of each fixture vary with the make 
and model selected. The fixtures illustrated in 
this publication are readily available. The 
small fixtures are classified as minimum, and 
Tub, cast iron or steel 
Tub, fiberglass-reinforced plastics 
Shower cabinet 
Lavatory unit 
Vanity counter with lavatory 
and storage cabinet below 
Water closet 
CLEARANCES 
There should be enough space in front of and at 
the sides of each fixture to permit its use, to assist 
another in its use, to repair the fixture, and to do 
the cleaning required. The following clearances 
are important: 
Lavatory- elbow room at the sides; hip and 
legroom at the front, for bending over the bowl or 
to reach below it. 
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require structural backing for sound support, 
which is difficult to install after the walls are 
finished . 
The considerations in planning a bathroom 
are the size and number of fixtures, the amount of 
counter space needed, and the space necessary to 
use the fixtures, equipment, and appliances . 
larger units, which offer more advantages , are 
classified as desirable. 
Fixture selection is discussed at length in 
Council Notes GS.l, Bathroom Equipment. 
If the bathroom must be planned before the 
fixtures are selected, allow the following space 
for fixtures: 
Minimum 
30" X 60" 
36" X 60" 
30" X 30" 
15" X 18" 
21" wide, 27" front to back 
14" wide bowl 
Desirable 
30" X 60" 
36" X 60" 
36" X 48" 
21" front to back, 
36" to 48" wide 
21" wide, 30" front to back 
14" wide bowl 
Water closet- Elbow room at each side; head 
room and foot room for rising from the seated 
position. 
Bathtub - space between the side of the tub 
at the faucet end to kneel to reach across the tub 
for cleaning; a wider space in front of the long side 
of the tub to rise from the kneeling position, such 
as after bathing a child or cleaning the tub. 
The standards for clearances are classified as 
minimum, which satisfy the minimum require-
ments of the HUD standards, and desirable, a 
practical compromise between luxury and mini-
mum criteria. Some of the minimum criteria will 
be found too tight for normal activities. For 
instance, 2" between the side of the lavatory and 
the adjacent tub is too litle for kneeling. Both 
minimum and desirable clearances are illustrated 
in the plans which follow. Other criteria are 
necessary to reduce the difficulties of indepen-
dent persons in wheelchairs, as well as those 
who, through aging, accidents, or disease, move 
with difficulty. 
University of Il linois SHC-BRC 
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DESIRABLE FIXTURE CLEARANCES 
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PLANNING DECISIONS 
There are three steps in planning a bathroom: 
• Choose the fixtures and equipment for the 
desired use and space available. 
• Select the best loc_ation for the bathroom in 
the plan. 
• Determine the best arrangement of the fix-
tures and equipment for their use, and for 
efficient plumbing to serve them. 
A full bathroom has at least three fixtures: a 
water closet, a lavatory, and a bathtub, which 
may or may not be equipped with a shower head 
and controls in addition to the normal faucets and 
filler spout. All houses should have at least one 
full bath. 
If a shower stall is preferred to a combination 
tub-shower, a second bathroom could be pro-
vided with water closet, lavatory, and shower 
stall, commonly referred to as a three-quarter 
bath. 
A half-bath, containing only a water closet and 
lavatory, may be adequate in some areas of the 
house. 
Location. If only one bathroom is provided, 
it should be accessible from a hall, and not require 
access through a bedroom or other habitable 
room. In a two-story house, it is desirable to have 
at least a half-bath on the first floor for the con-
venience of both family and guests. 
Plumbing. To simplify the plumbing and to 
reduce cost, the fixtures of each bathroom should 
be located so all piping connections will be made 
in one wall and require only one vent stack for the 
bathroom. The choice of the best location for 
these pipes requires knowledge of proper plumb-
ing techniques, and may be dictated by the space 
requirements for drain and vent pipes which 
extend both above and below the bathroom. It 
may be necessary to provide thicker walls to con-
tai!l these large pipes. 
The piping should be in a warm wall so that 
the pipes do not freeze . An outside wall framed 
with 2 x 4' s and filled with insulation is not 
adequate. In cold areas, there should be at least 
31/2" of insulation on the cold side of the pipes and 
none on the warm side. 
Bathroom door. An in-swinging door is best 
if it opens in an area not occupied while using any 
fixture. It is best to have the door swing against a 
wall or against the bathtub. In the latter case, a 
hinge-mounted door stop should be used. 
The vanity unit should be selected or located 
so that an opened drawer will not block the door 
swing, which would prevent someone from 
entering the room in an emergency. 
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An out-swinging door provides better access 
in case of an emergency within the bathroom, but 
it can interfere with hallway traffic. A sliding 
pocket door avoids this problem, but an adjacent 
space in the stud wall as wide as the door will be 
needed to accomodate it when it is open. Also, the 
handles that are available for pocket doors are 
awkward to operate and the door may not close 
tightly enough for privacy in the bathroom. 
A door 32" wide is preferred over the 24" width 
that is accepted as minimum. 
A bathroom door should have a lock that can 
be easily opened from the outside in case some-
one locks themselves in the room and then re-
quires assistance or is unable to unlock the door. 
Windows. Awning and casement windows 
are most convenient for the bathroom. When 
equipped with crank operators, they are easier to 
open and close than double-hung windows, 
especially if they are difficult to reach. The 
window sill should be at least 48" above the floor 
for privacy. A window over a bathtub should be 
avoided, both for privacy and difficulty of opera-
tion and cleaning. 
Although a window in the bathroom is desir-
able to provide light and ventilation, sometimes 
windowless bathrooms are preferable. If there is 
no practical location for a window in the proposed 
bathroom, artificial light and mechanical ventila-
tion can be provided. 
COUNTER AND STORAGE 
Bathrooms with minimum-size fixtures usually 
have too little counter surface to hold the many 
things that are commonly used at the lavatory, 
such as a toothbrush, washcloth, razor, etc. Many 
bathro~ms also lack storage space for bath linens 
and toilet articles. 
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A vanity counter with built-in lavatory can 
provide good counter space, but the adequacy of 
the storage space depends on the cabinet front-
age. The storage below the bowl in a 24" or 30" 
wide vanity cabinet is so restricted by the bowl 
and drain pipe that it is nearly useless. A vanity 
cabinet 36" to 48" long is desirable for improved 
storage and additional counter space. 
A 12" deep storage unit located above the flush 
tank of the water closet also can ~e used for linen 
and supply storage. A 12" high open space is 
needed above the tank cover to allow servicing of 
the tank mechanism. 
See Council Notes C5.12, Indoor Storage, for 
the recommended shelf space to accommodate 
bathroom linen and supplies. 
SAFETY 
About 25% of home accidents happen in the bath-
room. Most are caused by slipping on walking 
surfaces of tubs, showers, and floors . Other 
causes include scalding, electric shock, and cuts 
from broken glass from tub and shower doors. 
Walking surfaces 
The surface on which a person will step, either in 
bathtub or shower, should be manufactured with 
a slip-resistant surface or have slip-resistant tread 
material or portable suction mats installed. These 
surfaces must be kept free from dirt and mold 
growth. Portable mats should be drained and al-
lowed to dry after use. 
Grab bars 
Grab bars are recommended for safety in all bath-
tubs and shower stalls. These bars should be 11/2" 
in diameter and be at least 11/2" from the wall, to 
be suitable for people who have difficulty grasp-
ing. The bars and their support system shall be 
strong enough to support 250 pounds (HUD Min-
imum Property Standards). This requires a firm 
backing, such as 2 x 4 blocking nailed between 
studs, or 1/2" plywood with exterior glue anchored 
to the studs. In the case of a fiberglass-reinforced 
plastics bathing unit, a wood backing may be 
cemented to the back with waterproof adhesive at 
the grab bar fastening points. 
The main grab bar for a bathtub or shower 
unit should be 12" to 20"long and be installed hor-
izontally in the center of the long wall, 12" to 20" 
above the bottom of a tub or 24" to 32" above the 
bottom of a shower. In addition, there should be a 
horizontal grab bar 12" to 16" long in the center 
of the short wall containing the water controls. 
Horizontal grab bars are considered more desir-
able than vertical bars. 
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Other projecting hardware is not an adequate 
substitute for grab bars. For example, a recessed 
soap dish with a grab handle is usually held in 
place only with plaster. Towel bars also will not 
support a 250-pound load, and therefore should 
not be located within a tub or shower area. 
Anti-scald device 
Excessively hot water causes most of the severe 
burns that occur in bathrooms, and may even 
cause death from scalding. These result from im-
mersion in hot water, not by spraying with hot 
water. The limit of human skin tolerance is a 
water temperature of 1200f, and may be lower for 
infants. Tub and shower faucets may be equipped 
with a device to control the water temperature 
thermostatically, or control pressure so that a 
reduction in cold water pressure automatically 
reduces hot water flow. In some units, a special 
stop must be pressed to set the water temperature 
higher than 100°, to avoid turning the water hotter 
if the handle is grasped or hit during a fall. 
Non-shatterable enclosure 
Shower facilities, whether in a tub or shower 
stall, should be enclosed with a non-shatterable 
material. Either tempered glass or plastics can be 
used as glazing in shower or tub doors. 
Ground-fault circuit interrupters 
Ground-fault circuit interrupters can be installed 
in an individual outlet or at the service entrance to 
protect against a fatal electrical shock. While they 
will not prevent a shock, they will sense a shorted 
condition and turn off the power quickly enough 
to avoid a fatality. 
BATHROOM PLANS 
The bathroom plans which follow illustrate exam-
ples of efficiently arranged bathrooms, based 
both on minimum and desirable criteria. The ap-
plicable clearances in front of or along side of each 
fixture are shown. 
Each pair of minimum and desirable plans 
show variations using the same fixtures. One 
shows the fixtures arranged so that all the plumb-
ing pipes can be housed in one. wall, and the other 
shows an arrangement requiring plumbing in 
two walls. 
The desirable plans occupy from one and a 
half to two and a quarter times as much floor space 
as the minimum plans. This extra floor space, 
when available, allows more space for fixtures 
and more space around them, adding to the con-
venience of the bathroom. 
C5.7, Bathroom Planning Standards 
As previously indicated, the door swing can 
be a problem. In the minimum plans, it either 
swings outward or against a wall; in the des~rable 
plans, it swings into the room and cabinets 
should be selected so that it cannot be accidentally 
blocked. 
The plans may be used as shown, or reversed 
as a mirror image. The door and window loca-
tions shown can be interchanged if the door 
swing is properly handled. 
Storage and counter 
The only storage in the minimum bathrooms is in 
the medicine cabinet, and there is very little 
counter to hold bathing and toilet articles, except 
on the narrow ledges of the lavatory. Drawers 
under the vanity counter of the desirable bath-
rooms are more than adequate for storage of bath 
linens for a family of four. 
...,.. ____ __,·4' -6"------.... 
MINIMUM HALF BATHROOM 
PLUMBING CONNECTIONS INTO ONE WALL 
FLOOR AREA 18 SQ. FT. 
.... ------5'-3"------..... 
MINIMUM HALF BATHROOM 
PLUMBING CONNECTIONS INTO TWO WALLS 
FLOOR AREA 13 SQ. FT. 
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~----4'-0"----~ 
DESIRABLE HALF BATHROOM 
PLUMBING CONNECTIONS INTO TWO WALLS 
FLOOR AREA 29 SQ. FT. 
~-----5' -0".___ _____ .,. 
DESIRABLE HALF BATHROOM 
PLUMBING CONNECTIONS INTO ONE WALL 
FLOOR AREA 32 SQ. FT. 
0 
I 
in 
..,_ __ J'-2"---.......... ----------7'-10"----------~ 
DESIRABLE 3/4 BATHROOM 
PLUMBING CONNECTIONS INTO ONE WALL 
f'LOOR AREA 52 SQ. FT. 
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DESIRABLE 3/4 BATHROOM 
PLUMBING CONNECTIONS INTO TWO WALLS 
FLOOR AREA 49 Sa. FT. 
~-----5'-0"-----~ 
MINIMUM FULL BATHROOM 
PLUMBING CONNECTIONS INTO TWO WALLS 
FLOOR AREA 26 sa. FT. 
C5.7, Bathroom Planning Standards 
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MINIMUM FULL BATHROOM 
PLUMBING CONNECTIONS INTO ONE WALL 
FLOOR AREA 33 sa. FT. 
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COUNCIL NOTES 
C5.9 GARAGES AND CARPORTS 
When deciding whether to build a garage or a 
carport, several factors will have to be considered. 
Intended uses of the space for activities other than 
storing a car, and climate will probably have the 
greatest influence in making this decision. Many 
areas of the country are simply too cold, and 
subject to too much driving rain and blowing 
snow, for a carport to provide satisfactory shelter 
for a car. The garage or carport often doubles as 
a workshop area; utility area for laundry equip-
ment; storage for garden equipment, porch and 
lawn furniture, bicycles, etc.; and a bad weather 
play area for children. If any of these uses are 
probable, a garage is probably the better choice. 
A garage will also provide a better buffer against 
cold winter winds than a carport. 
A carport should be considered if: 1) the pri-
mary objective is to shelter the car from the sun; 
2) solid walls of a garage would appear to block 
the approach to the house or crowd it; 3) solid 
walls of a garage would cut out light and summer 
breezes from the house; 4) the carport will also 
serve as a porch or a terrace; 5) cost is a consid-
eration. 
While a carport can cost as much as a garage, 
a simple carport whose roof is an extension of the 
house roof, with no floor, and no built-in storage 
cabinets, can be built for considerably less than a 
garage. If cost is a factor, but the design of the 
house or the owners' anticipated needs call for a 
garage, the roof can be built, and the space used 
as a carport until money is available to complete 
the garage. 
As a compromise, a structure can be built which 
is one half garage and one half carport. This will 
provide storage for two or more cars, plus indoor 
space for work and storage, while saving the cost 
of finishing the entire structure. The carport area 
can serve as an extension of outdoor living space, 
but can be enclosed easily at a later date. 
Whether or not the garage or carport is to be 
built immediately or at a later date, it should be 
planned from the beginning, along with the rest 
of the house. The location on the site, orientation, 
and functional relationship with the rest of the 
house and yard should all be decided upon be-
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The garage area can serve as the principal entrance 
court to the house, as is shown here. Both the front 
door and the service door are easily accessible from 
the driveway. The turn-court is another desirable 
feature. 
forehand, as should the exterior appearance and 
aesthetic relationship with the house. Pre-planning 
will result in the most satisfactory solution in terms 
of function, appearance, and economics. 
SITE PLANNING 
Functional requirements, as well as building set-
back requirements, will determine the best location 
for the garage or carport. The multiple uses of the 
garage will play a major role in its relationship to 
the house. For ease of unloading groceries, the 
garage should have easy access to the kitchen. As 
a workshop or play area, the garage service door 
should be near a bathroom or mud room. If the 
garage itself is not near the main entrance to the 
house, provisions should be made for parking near 
the front door, with a walk linking the two. 
Local building regulations control how close to 
the property lines and street a structure can be 
located. On extremely narrow lots, these set-back 
regulations can drastically affect the location and 
size of a garage or carport, especially when adding 
one to an existing house. The garage may have to 
be located behind the house, with access by means 
of a rather long driveway. Before making any plans 
to add a garage or carport, it is advisable to check 
with local building officials about such regulations. 
While a detached garage is not as desirable as 
an attached garage or carport, its use may be 
necessary on narrow lots, where the alternate use 
requires isolation from the house, or where side-
yard set-back regulations are less restrictive for a 
detached building. If possible, the detached garage 
should be connected to the house by a breezeway 
or porch. 
If a choice of location for the garage is available, 
it should be oriented with respect to prevailing 
winds, and winter and summer sun. Where the 
direction of prevailing wind in winter is different 
than that in summer, such as a southwest breeze 
in summer and northwest wind in winter, the 
garage can sometimes be located to protect the 
house from winter winds without blocking the 
summer breezes. Placing the garage on the west 
side of the house can protect the house or outdoor 
living area from the hot summer afternoon sun. 
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A rear-entrance garage takes less side yard than the 
side-entrance garage, and the garage contents are not 
on view when the door is left open. 
A garage facing the side lot line requires more side 
yard, but the door is not as dominant in the appear-
ance of the house. 
When the garage door faces the street, care must be 
taken to select a door which harmonizes with the 
house design. 
DESIGN OF GARAGE AND DRIVEWAY 
Too often, a garage or carport is tacked on to a 
house with little or no thought given to how the 
structure will look. The attached garage is impor-
tant in the architectural design of the house. 
Garages that extend the line of the house ridge or 
the lines of the eaves, or those which seem to add 
to the total length of the walls, generally make 
the house look larger and more attractive. Designs 
which use a strong contrast in color or material 
often detract from the appearance of the house 
and should be avoided. For those who object to 
the garage opening facing the street, the side-
entrance garage can often be used, as long as there 
is enough room on the lot. 
Garages and Carports 
Because of its size, the garage door must be 
selected with an eye to appearance, particul~rly if 
the garage faces the street. Doors should be simple 
in design so they do not dominate the house. A 
strong, contrasting color or pattern on the door is 
generally undesirable. If the garage is to be used 
as an occasional extension of the living area, 
consideration should be given to providing light 
and air without necessarily having to open the 
automotive door. A large door in the back of the 
garage will provide access to the back yard. This 
will facilitate lawn chores, and allow the garage 
to be used as an extension of a rear patio. 
Driveways 
The driveway should provide the most direct ac-
cess possible from the street to the garage. If the 
driveway is off a busy street, it is especially de-
sirable to provide a tum-around so that it is 
possible to pull out into traffic rather than back 
out. This turnaround will also provide off-street 
parking for guests. It is important to have an 
unobstructed view of oncoming traffic. Locating 
the driveway close to the corner of a house, existing 
trees or utility poles, or tall landscaping creates a 
potentially hazardous situation. 
The driveway should be as straight and as 
short as possible. The accompanying diagrams 
have suggestions for widths and turning radius. 
While many of the new, small cars do not require 
as large a turning radius as the older models, it is 
still advisable to allow generous widths and di-
ameters. A driveway designed for a compact car 
may not be adequate for a van or pick-up truck. 
Ideally, the drive is sloped from the garage to 
the street for drainage. The minimum recom-
mended slope is 1/s" per foot of length or width 
of pavement, with %. " per foot recommended. The 
maximum recommended slope is 12%. In no case 
should the slope exceed 14% or 15% (approxi-
mately 1 %"per foot). In a steep driveway, one car 
length of pavement without noticeable slope should 
be provided at the street and in front of the garage 
or carport. To avoid "bottoming out" on a steep 
driveway, the maximum crest should be 6" in 10' 
and the maximum dip should be 1 0" in 1 0'. 
If it is not possible to slope the driveway away 
from the garage, a drain covered by a grate should 
be installed the entire width of the garage opening. 
This drain should be cleaned regularly. 
It is also advisable to build the driveway with 
a slight crown, or raised center. This will allow 
water to run off the pavement to the side, as well 
as toward the street and storm sewer or culvert. 
If it is not possible to slope the driveway to the 
street, it can be sloped to the side, or to an inlet 
or ditch as required. 
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The above minimum (black) and recommended (color) 
driveway widths are suggested where the driveway 
is used for both parking and as a walkway. An 
additional two feet can be added to the width of the 
double drive to allow space for the doors to open 
between cars. 
The minimum outside radius for a single curved 
drive depends upon the width of the drive. ~ 
24' -8" 
22'-6" 
(5 
.; 
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On many streets, it is dangerous to back into traffic, 
and a turnaround area is desirable if there is space 
available at the front of the lot. 
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1'- 4" 1'- 4" 1'-4" 
The above minimum (black) and recommended (color) 
driveway widths are for use where the driveway is 
used for parking only and not as a walkway. 
1'-6" 
9'-6" 
The minimum (black) and suggested (color) dimen-
sions for a side-entrance garage are shown above. 
An 18-foot garage door is required to allow entrance 
and exit with only one backing maneuver. 
23'-0" 40'-0" 
21 '-6" 
Wall , hedge, or trees 
The minimum (black) and suggested (color) dimen-
sions for a rear-entrance garage are shown above. 
Less side yard but more back yard is required. An 
18-foot door was assumed in sizing the turning area. 
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Pavement 
Concrete. Properly mixed and placed concrete 
provides a more durable, low-maintenance surface. 
Since freezing and thawing of moisture within the 
concrete can cause major problems, care should 
be taken to provide good drainage both above and 
below the slab. Concrete should be placed on a 
well-drained subsurface, such as four to six inches 
of compacted gravel. If the driveway is crowned, 
the gravel should also have a crown. Pipes or 
drains under the drive should be avoided if pos-
sible. 
A concrete driveway must be thick enough to 
support the loads it must carry. While a four-inch 
slab is adequate for cars and small pick-up trucks, 
heavier loads such as garbage and fuel trucks 
require a six-inch slab. 
Wire mesh reinforcing helps keep the slab from 
caving in if the dirt washes out from under it 
(often due to improper base preparation), and 
helps prevent cracking in the slab due to frost 
heave. When using wire mesh reinforcement, it is 
important that the mesh be raised so that there is 
1-llh" of concrete under it. 
In some areas, the soil provides a suitable base. 
In most places, a sand or gravel base will be 
necessary. A good granular base provides drainage 
under the slab to keep water from penetrating the 
slab from underneath. Granular fills can be packed 
well to ensure that the base is firm and stable. 
During the curing of concrete, small cracks 
form near the surface due to shrinkage and evap-
oration. They can form an unsightly random pat-
tern on the surface, and provide places where 
water can enter the slab and begin deterioration 
from freezing and thawing. To control the for-
mation of these cracks, control joints, which are 
grooves tooled into the surface of the wet concrete 
every three or four feet, are used. Presumably, the 
cracking will occur along those lines. 
Minimum dimensions for the single and double 
garage are shown in black. For ease of access, the 
dimensions shown in color are recommended. The 
area shown is for car storage only, and additional 
space should be allowed for general storage and work 
areas. All dimensions in this publication are based 
on full-sized cars. 
Garages and Carports 
.------
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Space over the hood of the car can be used for storage. 
Another type of joint necessary to concrete 
work is the construction joint. Construction joints 
occur at the end of a piece of work, and are 
determined by how large an area is suitable to be 
worked at a given time. In the case of a concrete 
slab, they are usually 10 to 20 feet apart. 
Isolation joints are used at any intersection of 
the driveway with a sidewalk, garage floor or wall, 
etc. These joints allow differential movement be-
tween the two surfaces, and help prevent cracking. 
While construction and isolation joints are typ-
ically made with asphalt-impregnated particle-
board, it is possible to use redwood, cedar, or 
pressure-treated wood. Then the joints can become 
a visual part of the design, as well as a functional 
part, and the usually unsightly joints can add 
attractive character, texture, line, and form to the 
approach to the house. 
An important consideration for a concrete 
driveway is the type of surface finish. A magne-
sium or wood float provides a good plain finish. 
A steel trowel finish, such as used on a basement 
floor, would be too slick, especially if there is any 
moisture or spilled oil on the pavement. A broom 
finish, produced by dragging a broom across the 
surface, perpendicular to the direction of traffic, 
will give good traction. Additional traction, and a 
pleasing appearance, can be obtained by tooling 
grooves, perpendicular to traffic, at regular inter-
vals. 
Other surface finishes include exposed aggre-
gate and stamped pattern. Using special colored 
aggregate in the concrete, and exposing it, can 
give an attractive color and textured appearance 
to the drive. The aggregates can be whatever 
shape, size, and color will most enhance the ap-
pearance of the driveway, and complement the 
rest of the house. However, exposing the aggregate 
may leave small spaces through which water can 
enter the concrete and cause spalling. Another 
way to add interest and texture is to use a stamp 
to create an embossed pattern in the concrete. A 
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stamped pattern will not aggravate spalling from 
freezing and thawing, and will, in fact, help the 
concrete by creating what amounts to many small 
control joints. 
Interest can also be added by using colored 
concrete. Several pigments are available commer-
cially which can be added to the mix before it is 
placed. Some pigments may be attractive, but will 
limit the choice of paint colors which can be used 
on the house and garage, so any use of colored 
concrete must be given careful consideration. It is 
important to use only those pigments made for 
use in concrete. 
In regions subject to freeze-thaw cycles, it 
would be wise to consider using air-entrained 
concrete. Air-entrained concrete involves a chem-
ical additive to the concrete which causes small 
air bubbles to form within the concrete as it cures. 
These air pockets absorb some of the stresses from 
the expansion of freezing water within the con-
crete, making the concrete more durable under 
freezing conditions. 
The care during the first one or two years after 
placement is the most critical in influencing the 
durability of concrete. On concrete which is not 
air-entrained, a solution of linseed oil and petro-
leum spirits brushed onto the slab has been found 
to be an effective sealer. Such a coating should be 
available from concrete suppliers. Application of 
this coating in the fall, particularly for the first 
year or two, will" help protect the concrete. It 
should be applied when the temperature is above 
4QOF, 
Asphalt. Another popular driveway surface is 
asphaltic concrete, commonly referred to as black-
top. Blacktop is a mixture of asphalt and aggregate 
which is applied hot, then rolled to compress and 
smooth it. Like concrete, blacktop requires a well-
compacted, well-drained base, usually 4-7" of 
gravel. Many contractors apply 11h" to 2" of sur-
facing over an aggregate base. Engineering studies, 
A large door in the back wall of the garage allows 
access to the rear yard for storage or work. It also 
perm.its the garage to be used as an extension of a 
rear patio area. 
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This double garage is arranged so there is a raised 
laundry area along the wall which opens into the 
kitchen. Storage units are built into the opposite 
wall. Two 9-foot garage doors are used for conven-
ience. 
however, indicate that this thickness may not be 
adequate to support the weight of service vehicles 
which may use the driveway. Three to four inches 
of pavement over an aggregate base will be more 
satisfactory. 
While blacktop does not provide a wearing 
surface that is as durable as concrete, it is more 
resilient. However, blacktop performs better in 
situations where it is subject to a lot of traffic. 
Exposure to wind and sun tend to dry out the 
surface, causing small cracks to form. Tires running 
over the surface work the surface and keep the 
blacktop bonded together. For driveways, it is best 
to use a mixture which is heavy on asphalt. Under 
heavy traffic situations, asphalt-rich mixes will 
tend to rut more, but in a low-traffic driveway, 
surface cohesion is more important. 
A blacktop driveway should be sealed after 
the first year, then resealed every two or three 
years after that. Cracks allow water to penetrate 
the surface, which leads to freeze-thaw breakup. 
The use of commercially available sealers fills these 
cracks. Sealing also protects the surface from spills 
of oil and gasoline, and builds up the wearing 
surface. If a blacktop driveway is properly placed, 
and well-maintained, it should last 12-14 years. 
Unlike concrete, blacktop cannot be installed by 
the do-it-yourself homeowner, as expensive equip-
ment is required to heat and roll the material. 
Others. The choice of surface finishes for drive-
ways is by no means limited to asphalt and con-
crete. Brick, crushed rock or shells, and gravel are 
also suitable driveway materials. Gravel, rock, and 
shells are not suitable as extended outdoor living 
areas, and may be muddy during spring thaws 
and rains. 
Brick is an attractive choice for paving any 
driveway or patio. Its main drawback, however, 
is the tendency of bricks to heave up unevenly 
and crumble apart as the ground freezes in winter. 
In areas subject to freeze-thaw cycles, it is best to 
install paving brick laid in a sand bed without 
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Instead of a double garage, this house has a carport 
and a single garage. The carport also serves as a covered outdoor living area. Storage space is provided in one 
wall of the carport. 
mortar, over a concrete base. Paving bricks are 
harder and more resistant to moisture. Even the 
best paving bricks are not as resistant to breaking 
up as concrete. Redwood, treated wood, or cedar 
boards can be used as edging and dividers to create 
attractive patterns in a brick driveway, and the 
brick can be laid in any number of patterns to 
give texture and variety to the surface. 
De-Icing 
Regardless of the surface treatment used, de-icing 
salts are destructive. When water enters a pave-
ment and freezes, the growth of ice-crystals and 
pressure from unfrozen water which the crystals 
displace breaks the material apart from the inside 
out. The use of de-icing salts more than doubles 
the hydraulic pressure already present, especially 
near the surface, and causes more destruction than 
freezing and thawing alone. It is best to just remove 
the snow and/ or use sand for traction. If salt must 
be used, the same things which protect pavement 
from plain freezing and thawing will reduce salt 
damage. In new construction, air-entrained con-
crete is recommended; old concrete can be pro-
tected with linseed oil treatments as mentioned 
above. Regular use of sealer will help protect a 
blacktop driveway. 
Underground snow melting systems are also 
available but are costly to install and operate. They 
consist of electric heating cables or hot water pipes 
embedded in the driveway, and their appropriate 
controls. Automatic snow melting can be partic-
ularly useful where the driveway has a steep slope. 
Drainage of melted run-off must be provided, 
however, or the water will refreeze at the bottom 
of the driveway and form a patch of ice. In heavy 
snows, such systems are not effective unless the 
bulk of the snow is removed by other means. 
GARAGE CONSTRUCTION 
Size: The size of the garage will vary according 
to the uses planned for it. The illustrations indicate 
the minimum dimensions and clearances for one-
Garages and Carports 
and two-car garages for automobile storage only. 
If the garage is to be used as a workshop, etc., 
the dimensions should be increased accordingly. 
Garage Door: For the single garage, an 8-foot 
door is common and minimum. A door 9 feet wide 
is well worth the additional cost. On a double 
garage, a 16-foot door is cheapest and a minimum. 
Two single doors will provide clearance between 
cars for easier access. An 18-foot single door is 
desirable, and is necessary if the approach to the 
garage is other than straight. The usual heights of 
doors are 6' -4" to 7' -0"; taller ones are available 
and should be considered if recreational vehicles 
or vans are to be stored. The height of the door 
is important if the garage door(s) faces the street. 
For example, if a 6' -4" door were installed near 
the doors and windows of the main part of the 
house where the door and window heads are all 
at 6' -8", the front of the house could appear 
awkward. It would be advisable to either use a 
taller garage door, or install a fixed panel above 
the garage door to make it appear to be as tall as 
the others. 
Overhead doors, either one piece or sectional, 
are available in a variety of designs and with 
several types of operating hardware. Some project 
outward when opened; others slide back into the 
garage. Some require no space over the doors; 
others require 16" to 18" above the top of the door 
opening. Doors which are hinged and swing out-
ward can be difficult to open, especially in snow 
and wind. Sliding and folding doors hung from 
overhead tracks take valuable garage wall space, 
and obstructions such as sticks and stones can 
interfere with door operation. 
Door Operators: Automatic electric operators are 
available for most types of overhead doors. They 
may be controlled from permanent push-button 
installations or by radio. 
Other Doors: One service door is recommended 
in addition to the automobile door. If the garage 
is attached, a second door to the adjacent yard is 
desirable in addition to the house door. Screen 
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Storage units form one wall of this carport. The 
raised sidewalk and roof of the carport provide a 
pleasant covered outdoor area. 
doors for ventilation will be desirable if the garage 
is to be used as a work or play area. 
Windows: At least one window is needed for 
natural light. Windows are needed for light and 
ventilation if the garage is to be used for other 
purposes. 
Roof: If there is enough room within the roof 
structure, provisions should be made for attic-type 
storage. A folding, pull-down stairway is useful. 
Insulation is needed if the garage is to be heated. 
Fire Separation: Most building codes require the 
wall between the house and an attached garage 
to have a one-hour fire rating. For frame construc-
tion, this would typically be Type X (fire-resistant) 
gypsum board or lath and plaster on the garage 
side of the wall. If there is no ceiling, this protection 
should extend to the roof line. The wall should 
be insulated, and should not contain plumbing 
which is subject to freezing. If there is a living 
area above the garage, the ceiling also should be 
fire-rated. 
Foundation Wall: The foundation wall should 
extend af least four inches above the garage floor. 
When attaching a garage to an existing house, the 
foundation should extend to the same depth as 
the house foundation to minimize differential set-
tlement. 
Floor: A concrete slab floor should be one or 
two inches above· the driveway and sloped one to 
two inches toward the door so that water dripping 
from the car will run out the door, and so that 
melting snow will not seep under the door. The 
floor of an attached garage should be one or two 
steps lower than that of the house to prevent 
gasoline fumes and dirt and water from seeping 
under the door. Laundry, storage, or work areas 
and walkways should be raised above the area 
where the car stands. 
Plumbing: If the garage contains a laundry area, 
plumbing will be necessary. It is also desirable in 
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workshop areas or for washing the car. It is im-
portant to protect the pipes from freezing. All 
pipes should be located in the common wall be-
tween the house and garage. If this is not possible, 
provisions should be made to heat the space, and 
valves should be installed in the water lines so 
· that they can be drained. 
While floor drains are convenient, most plumb-
ing codes prohibit them, because a floor drain 
could allow gasol~ne or oil into the storm drainage 
system. Plumbing codes prohibit any explosive or 
"flammable materials from being deposited into the 
drainage system. Local codes may permit a floor 
drain in a garage if it discharges into a drywell. 
Electricity: Garage lights should be installed with 
three-way switches so they can be controlled from 
both the house and the garage. Most electric door 
operators tum on a light automatically when the 
garage door is opened. The wiring system for the 
door operator should include a switch so that this 
light can be turned off if the door is to be open 
for long periods of time, and to prevent accidental 
operation when on vacation, etc. 
Convenience outlets should be provided for 
cleaning, car repair, and laundry or workshop 
equipment. All garage outlets must be protected 
with a Ground Fault Circuit Interrupter. If a work-
shop is planned, it should be on a separate circuit, 
and a 240-volt outlet may be needed. 
Heating: In cold regions, the availability of heat-
ing is recommended in the garage even if it is only 
used for automobile storage. In this instance, it is 
only necessary to provide enough heat to facilitate 
starting the engine on bitterly cold mornings. If 
the garage is to be used as a utility, work, or play 
area, the heating system should be capable of 
maintaining 70°F. Heat can be supplied either 
through the central heating system or by a separate 
heater. If the house system is used, there should 
be no return air from the garage. The supply ducts 
should be located well above the garage floor; one 
model code requires they be at least 6' -6" from 
the floor; and be equipped with a backdraft and 
fire damper. 
Some local codes prohibit installation of a 
separate heater in a garage while others place 
major restrictions on it. One model code requires 
that any combustion chamber, ash pit, pilot light, 
etc., be raised 18" above the floor to prevent 
possible ignition of any gas fumes on the floor. 
Any heating device should be installed to protect 
it from impact by a car. Locating it on a raised 
concrete or masonry platform which is higher than 
the bumper of a typical car or pick-up truck would 
be one way to protect the heater from accidental 
damage. 
University of Illinois SHC-BRC 
PLANNING FOR REMODELING 
THE HOME 
Small Homes Council-Building Research Council 
University of Illinois at Urbana-Champaign 
Remodeling is becoming more popular. Americans 
are spending billions of dollars on remodeling 
projects each year. Homeowners need to think 
through their ideas and plan carefully. Remodeling 
is an investment of time and money. Remodeling 
will affect the value of the home as well as the 
cost to own and operate it. 
Before lifting a hammer or signing a contract, 
consider whether it will be better to remodel to 
get the space andjor features you need or whether 
it will be easier to purchase a new home. Some 
remodeling changes do not pay and could actually 
detract from the value of your home or price your 
home out of the neighborhood in which it is 
located. Careful planning can save you money, 
frustration, and problems in the future. 
This circular is meant to be a starting point. It 
raises many of the questions you should consider 
as you are thinking about remodeling your home. 
What is Remodeling? 
What type of improvement are you thinking about 
making? Is it maintenance, remodeling, or retro-
fitting? There are differences between mainte-
nance, remodeling, and retrofitting- philosophical 
differences and financial differences. Knowing what 
these terms mean will help you define the extent 
and kind of work to undertake. 
Roofing, painting, and plumbing repairs are 
maintenance repairs that are made to counteract 
normal wear and tear on a home. They do not 
substantially increase the value of a home. Instead, 
they bring a home up to a level that buyers expect 
in the first place. 
Remodeling, on the other hand, generally in-
creases the value of a home and increases livability 
beyond that of simple maintenance and repair. 
There are many names for remodeling, and 
each has its own meaning. Restoration refers to 
restoring a home to its original character. This may 
mean that "improvements" made by previous 
owners will need to be removed. Restoration is 
challenging, and it is the most expensive type of 
remodeling. Preservation means stabilizing the 
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building in its current condition. Rather than re-
turning the building to its "original condition" by 
restoring it, preservation · tries to make sure that 
the building does not deteriorate further. Main-
tenance to keep the building in good repair, while 
leaving it essentially as it is, is preservation. Re-
habilitation involves updating existing features, 
such as baths and kitchens. 
Restoration means that a home is restored to its original 
appearance. As pictured above, original architectural de-
tailing- shutters, porches, windows, and roof crest-
ing- have all been restored. 
The home shown below has been preserved. Maintenance 
and some moderate rehabilitation were the only changes 
made. 
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The owners of this home wanted a "modern, energy-efficient 
home': Sometimes, retrofitting aimed at "saving energy" 
can destroy the home's best architectural features. Be careful 
to consider the final appearance of the home in any type 
of remodeling. 
Retrofitting is a term used for improvements 
which are made to existing dwellings. The term is 
often used for improvements that make the home 
more energy efficient. 
One reason for undertaking a remodeling proj-
ect is to gain more living space in the home. 
Conversions of existing areas or additions to the 
home are the two approaches used. A conversion 
might involve transforming an attic space into 
bedrooms or converting a garage or porch into a 
living center. Conversions usually cost less because 
they do not start from scratch. Part or all of the 
space (foundations, sidewalls and roof) are already 
in place. (Be cautious in planning attic conversions, 
however. Attic floors are usually designed to carry 
only lightweight storage. Make sure the floor can 
carry additional weight.) Additions usually involve 
adding space to the exterior of a home. 
One special type of conversion is adaptive reuse. 
A possible adaptive reuse is a barn or a church 
converted into a house. 
Pros and Cons 
Advantages of remodeling your home include the 
following: 
e Neighborhood and school ties can be main-
tained if you stay in your present home. 
e You can avoid the substantial costs involved in 
selling, buying, and moving into a new house. 
e Some older homes provide more space, at ap-
proximately the same cost, as a new house. 
e If you purchased a home several years ago 
when mortgage interest rates were lower, you 
may not want to trade in the mortgage for 
today's higher interest rates. 
CB.O Planning for Remodeling 
e If you have lived in the house for a while, you 
know its good and bad qualities. 
e You can do the work yourself while living in 
your home; and, you can work at your own 
pace. 
e Older homes have details that would be too 
expensive to put in new houses (oak trim, wood 
floors, etc.) 
e Mature ·trees in older neighborhoods are an 
advantage. Existing landscaping can save one 
major expense of new home sites. 
You will need to decide if it is better to move 
or to use the money to remodel your present 
home. The money you spend changing houses 
might pay for many improvements in your present 
home. 
Disadvantages of remodeling should be considered 
carefully: 
e The location of your home may be a disadvan-
tage as well as an advantage. Carefully look at 
the neighborhood to be sure that properties are 
not deteriorating or that the area has adequate 
residential zoning protection. 
e The house may require significant structural 
changes that mean the. remodel cannot be done 
for a price that is cost-effective. 
e You may be dissatisfied with the results of the 
· remodel. (Good preliminary planning can be 
helpful here.) 
e Remodeling is complex, and costs can run higher 
than expected. (In fact, costs are usually higher 
than comparable space in building a new house 
because of unseen defects.) Remodeling may 
take longer than anticipated. 
e Your real estate taxes, insurance, and utilities 
m.ay increase. 
e The dust, dirt, clutter, and inconveniences as-
sociated with remodeling may put a significant 
stress on family life. 
e There is the danger of financial overimprove-
ment. 
Remodeling can be rewarding; but, you need 
to plan ahead before you launch into a major 
project. 
Remodeling Checklist 
There are many factors to consider when planning 
to remodel a home. The following checklist is 
planned to help you review these factors. Use the 
checklist to review all the important considerations. 
If you circle mainly No's, then you may need to 
reconsider your remodeling project. 
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Answer 
Yes No 
Yes No 
Yes No 
Yes No 
Yes No' 
Yes No 
Yes No 
Yes No 
Yes No 
Yes No 
Yes No 
Yes No 
Yes No 
Yes No 
Yes No 
Yes No 
Yes No 
Yes No 
Yes No 
Yes No 
Yes No 
Yes No 
Yes No 
Yes No 
Yes No 
Yes No 
Yes No 
REMODELING CONSIDERATIONS 
Personal Considerations 
Have you lived in your house a year or more so that you understand the ways 
it does not meet your needs? 
Will you be living in the house long enough to enjoy the improvements and 
to justify the disruption caused by the remodeling project? 
Have you considered future changes in family structure and housing needs, 
such as children leaving home, when planning your remodeling? 
Have you considered the temporary inconvenience and disruption of the project 
and planned how you will handle this? 
Financial Considerations 
Will the value of the house after remodeling be less than 20 percent greater 
than the average home in the neighborhood? 
Have you considered any increases in property taxes, insurance, house main-
tenance and utility costs that will occur from the remodeling project? 
Will your monthly housing costs after remodeling, including any loan payments, 
be no more than 25 to 35 percent of your income? 
Have you considered the effect on the resale value of your home, and if you 
will be able to get a return on your investment in the remodeling project? 
Have you shopped around for the best financing source? 
Location & Lot Considerations 
Is the house conveniently located - near schools, parks, shopping, church, or 
your place of work? 
Is the neighborhood attractive, well maintained, and developing in a positive 
direction? 
Is the neighborhood free from threat of flooding? 
Is the neighborhood zoned only for residential use? 
Is the lot properly graded, so water will drain away from the house? 
Is the house oriented so maximum benefit and protection is provided from 
sunlight, wind, rain, and snow? 
Foundation and Structural Considerations 
Does the alignment of the foundation appear to be straight and true? 
Is the foundation free from large cracks and signs of deterioration? 
If the house has a basement, is it free from water streaks or marks on floors 
and walls, or other signs of moisture problems? 
Are floors sturdy and level? 
Are your remodeling plans feasible with respect to load-bearing walls and other 
aspects of your house's construction? 
Are walls and ceilings free from cracks, bulges, and damp spots? 
Are the exterior walls free from excessive paint blistering and cracking, which 
is a possible sign of a moisture problem in the wall? 
Does the house have adequate attic and eave ventilation? 
Is the roof free from sagging or bowed surfaces? Will the roof need to be 
replaced soon (a major expense)? 
Are the flashings around chimneys and dormers in good repair and free of 
rust? Do gutters and downspouts carry water away from the house? 
Is the house free of termites, dry rot, and other decay or damage? 
Is your house insulated to meet the recommended R-values for your area? (This 
work can be included in the remodeling plans.) 
Value of Home Improvement a problem? Does the remodeling provide for a 
more comfortable way of life, and will this re-
modeling lift the emotions of the occupants? These 
intangible benefits might outweigh the cost of 
remodeling for some homeowners. 
The question most often asked by homeowners 
wanting to remodel is this: Will it pay to remodel? 
This question really depends on the individual. 
For example, is remodeling a practical solution to 
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Yes No 
Yes No 
Yes No 
Yes No 
Yes No 
Yes No 
Yes No 
Yes No 
Yes No 
Yes No 
Yes No 
Yes No 
Yes No 
Yes No 
Yes No 
Yes No 
Yes No 
Yes No 
Yes No 
Yes No 
Yes No 
Yes No 
Yes No 
Yes No 
Utility Considerations 
Does your electrical wiring meet the following minimum standards: 100-ampere 
service or more; 8 or more 110-volt circuits; at least one 110-volt outlet on each 
wall and enough 220-volt outlets for major appliances? (If not, you may need 
to rewire the house.) 
Can you add additional circuits, if needed? 
Will the water pressure be adequate if new plumbing facilities are added in 
remodeling? 
Will the source of water be adequate after remodeling, especially if it is from 
a well? 
Will the water heater be satisfactory after remodeling, especially if facilities for 
laundry will be added? 
Will the existing method of sewage disposal be adequate, especially if a garbage 
disposer or washing machine is to be added in remodeling? (Septic systems 
should be checked.) 
Will the present method of heating/ air conditioning be adequate and efficient 
after improvements, or will supplementary units be needed? 
Design Considerations. 
Will the remodeling positively affect the traffic patterns and circulation within 
the home? 
Have you considered how your furnishings and possessions will be arranged 
after remodeling? 
If the remodeling will alter the exterior of your home, have you planned for 
compatibility in architectural style and materials? 
Have you considered how your choices of color and materials used in remodeling 
will blend with the rest of the home? 
Do your remodeling plans satisfy all applicable building codes, zoning ordi-
nances, or restrictive convenants in your deed? 
Hiring a Contractor 
Have you contacted at least three reliable contractors for bids before making a 
choice? 
Have you selected a contractor with a solid reputation who provided references? 
Do you have a written agreement covering: a full description of the work to 
be done; materials to be used; acceptance of liability and agreement to obtain 
needed permits and meet codes on the part of the contractor; a time frame for 
the project; payment schedule; agreement which frees you from liens against 
the contractor; and a warranty of work? 
Have you agreed that the final payment to the contractor will not be made 
until the work is satisfactorily completed? 
Have the contractor and you agreed on what parts of the project you will do 
yourself? 
Do-It-Yourself 
If you plan to do much of the work yourself, do you fully understand the 
extent of the job and all the steps involved? 
Can you do the work or learn to do it yourself? 
Do you have the tools or can you borrow them?. 
Do you have some place to go for advice if you get stuck in the middle of the 
project? 
Do you know what materials are needed? 
Can you buy them at a reasonable cost? 
Do you have the time to complete the project? 
Determining whether the remodel will add to 
the value of the house is also an important con-
sideration. For example, a basement made into a 
recreation room or a family room addition could 
provide the owner with a recovery of 70-80 percent 
when the house is sold. Knowing the costs for 
typical remodeling projects can help you gauge 
whether you can recover the cost if you ever need 
to sell the home. 
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Potential Returns 
The chart can help to provide some idea of the 
cost of typical home improvements. Investing in 
any of the "big three" improvements may return 
50-75 percent of the initial investment or even 
more. Much depends on how well a job is executed, 
how it coordinates with the rest of the house, and 
how the improved house relates in price to others 
in the neighborhood. It should be noted though 
that if a homeowner spends more than 10 percent 
of the value of the house in the kitchen, there will 
not be a commensurate increase in the resale value 
of the house. Second bathrooms, third bedrooms 
and family rooms are almost always good invest-
ments. It is usually less costly to convert existing 
space rather than adding new space. However, if 
a garage is lost for a bedroom or family room, it 
really is not a good investment. Future buyers may 
feel a garage is an essential feature. 
Energy-conserving improvements will aid in 
supporting the resale value of a house, as long as 
the homeowner keeps proportion in mind. For 
example, if a homeowner adds a $15,000 solar 
collector to a $40,000 home, the home does not 
automatically become worth $55,000. If the home-
owner plans to sell the house, a fireplace provides 
a good selling point, yet it does not provide a 
good financial return. 
Some energy improvements will pay for them-
selves in energy savings. Improved attic and wall 
insulation, storm windows, and weatherstripping 
are all relatively low-cost improvements that will 
provide an immediate return. Even though these 
improvements are "hidden" improvements that 
will not be seen by a prospective buyer, the owner 
can use low power bills to prove the investment 
in energy savings was effective. 
COSTS FOR IMPROVEMENTS 
The Big Three 
Kitchen 
Bathroom 
Room Additions 
Energy Improvements 
Insulation 
Storm Windows 
Air Conditioning 
Fireplace /Wood Stove 
Solar /Wind Power, 
Greenhouse 
Outdoor Improvements 
Swimming Pool 
Hot Tub 
Tennis Court 
Special Landscaping 
Page 6 
$1,500-$25,000 
$2,000- $5,000 
$10,000- $25,000 
$500 - $2,000 
$1,000- $5,000 
$1,500-$15,000 
$500 - $5,000 
$3,000-$25,000 
$2,500-$25,000 
$1,000- $5,000 
$10,000- $20,000 
$2,500- $10,000 
Resale return on various types of remodeling include the 
following: 1) Adding a room - 50-70% 2) Kitchen and 
bath- 50-70% 3) Converting a basement to a family 
room- 70-80% 4) Outdoor facilities- 25%. 
Outdoor improvements will not provide any 
more than 25 percent resale return unless the 
house is in a particular area where these outdoor 
improvements are expected. Keep in mind that 
what some people consider a plus in a house, 
others, who might be looking to buy the house, 
consider it negatively. Outdoor improvements 
should be considered only for the enjoyment they 
provide the family. 
The Design Process 
After you decide to remodel, you need to think 
through the design process. Consolidate ideas about 
the whole project. Collect pictures, talk to friends 
who have remodeled, visit model homes and 
builder/supplier showrooms, talk with your county 
extension home economist, and contact builders, 
architects, or designers. 
Visit dealers' showrooms for ideas. 
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Using graph paper with squares of 114"=1', draw the house as it is. Show light fixtures, switches, outlets, location of plumbing, 
utilities, and room arrangements. 
Make rough sketches. Measure the house and 
put it down on paper. Indicate where plumbing, 
electrical and gas lines are now. Show locations 
of doors, windows, heat registers, lighting fixtures, 
chimneys, fireplaces, furnace, electrical service en-
trance, and electrical outlets; use %-inch graph 
paper, and let one square equal one foot. Use scale 
cutouts of furniture and appliances to help with 
room arrangements. 
Seek professional advice. Contact an architect, 
engineer, contractor, or home builder to help you 
work out the final plan from your rough sketches. 
Discuss structural soundness, design aspects, and 
a cost estimate for the project. Learn code require-
ments and other possible obstacles from local 
building inspectors. 
Go shopping. Investigate the many building 
products and materials in the market, and evaluate 
the range of prices, colors, and the varying degrees 
of durability and care required. Take time to visit 
builders' and suppliers' showrooms, and study 
magazines to learn about new products. Visit home 
shows. 
Develop a final set of plans. After doing your 
homework, you will be more familiar with the 
choices of materials and with possible designs. 
Consider making a cardboard model if you are 
planning an addition on your present house. With 
a model, you will be able to visualize the completed 
project. 
Much of the preliminary work must be done 
by you, even if you decide to hire a professional 
to make the plans final. Whether you can make 
all the decisions that need attention yourself will 
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depend upon your abilities and experience. Your 
needs and preferences are one of the most im-
portant aspects in the planning process, and 
professionals will rely on what you tell them you 
want. 
Design is more than just appearance- it also 
entails functional and structural considerations. 
When you need to put your final plans on paper, 
or when you feel stuck in the process and want 
design or structural advice, you should consult a 
professional. A draftsperson, building contractor, 
architect, or engineer can put your ideas on paper. 
Some structural design can be handled by a good 
contractor; however, more complicated restructur-
ing may require the services of a structural engineer 
or an architect. 
The fees paid to professionals for drawing 
plans vary, and the differences should be inves-
tigated. In general, an architect costs more than a 
draftsperson, but if your project entails extensive 
structural or design changes, the money may be 
well spent. An architect is also valuable in helping 
resolve design i~sues, while a structural engineer 
might be needed when there are major structural 
changes. Get estimates from several sources before 
deciding. 
As you make all these decisions, keep the 
whole family involved in the project, gathering 
ideas and discussing desired results. Plan for enough 
time to develop and complete the project- it al-
ways takes longer than you think and costs more 
than you originally anticipate. Proper planning 
and consideration of possible problems will help 
you prepare a successful strategy for remodeling 
your home. 
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COMMON CONSTRUCTION TERMS 
BALLOON FRAMING: A system of framing 2-story 
wooden buildings, mainly used before 1945; all vertical 
structural elements of the exterior bearing walls and 
partitions consist of single studs which extend the full 
height of the frame, from the top of the soleplate to 
the top plate of the wall; all floor joists are fastened by 
nails to studs, they may rest on inset ledger strips. 
BATTEN: A narrow strip of wood applied to cover 
a joint along the edges of two parallel boards in the 
same plane. "Board and Batten" siding is usually a 
vertical siding. 
BEAM: One of the principal horizontal timbers or 
metal supports of a building; a structural member whose 
prime function is to carry vertical loads. Joists or rafters 
may rest or "bear" on a beam. The beam transfers loads 
from these members to the bearing walls or columns 
on which it rests. 
CLAPBOARD: A wood siding commonly used as an 
exterior covering on a building of frame construction; 
applied horizontally and overlapped, with the wood 's 
grain running lengthwise; thicker along the lower edge 
than along the upper. 
DORMER WINDOW: A vertical window which proj-
ects from a sloping roof, placed in a small gable. The 
name derives from the fact that it usually serves sleeping 
quarters. 
DOUBLE-HUNG WINDOW: A window having two 
vertically sliding sashes, each closing a different part of 
the window. 
EAVES: The lower edge of a sloping roof; that part 
of a roof of a building which projects beyond the wall. 
FLASHING: A thin material, impervious to water, 
placed in construction (e.g., in mortar joints and through 
air spaces in masonry) to prevent water penetration 
andjor provide water drainage, especially between a 
roof and wall, and over exterior door openings and 
windows. 
For more information on current 
housing topics, subscribe to "Council 
Notes," a quarterly series from the 
University of Illinois Small Homes 
Council-Building Research Council. 
SPECIAL INTRODUCTORY PRICE! 
2 years for $5.00 
Call and order today! 
1 - 800 - 336 - 0616 
Visa and MasterCard accepted 
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FOUNDATION: 
rests. 
The support on which a structure 
GABLE: The vertical triangular portion of the end of 
a building having a double-sloping roof, from the level 
of the cornice or eaves to the ridge of the roof. 
JOIST: One of a series of closely spaced, parallel 
members of wood, reinforced concrete, or steel used to 
support floor and ceiling loads, and supported in turn 
by larger beams, girders, or bearing walls . 
LATH: Any of a number of thin narrow strips of 
wood, nailed to rafters, ceiling joists, wall studs, etc. , 
to make a groundwork or key for slates, tiles, plastering, 
etc., or in constructing light frameworks, as trellises. 
LINTEL: A horizontal structural member over an 
opening (such as a door or window) which carries the 
weight of the wall above it; usually of steel, stone, or 
wood. 
LOAD-BEARING WALL: A wall capable of support-
ing an imposed load in addition to its own weight. 
PLATFORM (WESTERN) FRAMING: Most common 
construction used today, it is a system of house con-
struction that uses wood studs 1-story high, finished 
with a platform consisting of the underflooring for the 
next story. 
POST and BEAM CONSTRUCTION: A type of con-
struction characterized by the use of vertical columns 
(posts) and a horizontal beam (lintel) to carry a load 
over an opening- in contrast to systems employing 
arches or vaults. 
RAFTER: One of a series of closely spaced inclined 
framing members extending from the eave to the ridge 
of the roof. All the rafters together form the frame to 
which the roof sheathing and roofing materials are 
attached. Rafters support the weight of roofing material 
as well as all snow and wind loads. 
R-VALUES: The measurement of the insulating qual-
ities of different materials. The higher the R-value, the 
more insulation provided. 
SHEATHING: The covering (usually wood boards, 
plywood, wallboards, or other panel products) placed 
over exterior studding or rafters of a building. 
STUD: One of a series of small-dimension wood 
members closely spaced (16" to 24" apart) which form 
the structure of a wall. 
SUBFLOOR: A rough floor, laid on joists, which 
serves as a base for the finished floor. 
TRUSS: An engineered structure, made of light-
weight members, fastened with connecting plates to 
give extra rigidity. Wood trusses may be used instead 
of rafters and ceiling joists in attics. 
Sources for Further Information 
Cooperative Extension Service. Offices are listed in 
the white pages of your phone book. 
The Old-House Journal emphasizes renovating older 
homes. 
Several popular publications available at news-
stands or from your local library include Practical 
Homeowner, Home, Fine Homebuilding and Handy-
man. 
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COUNCIL NOTES 
CS.l PLANNING FOR MORE SPACE 
Nearly every family, at some time, has said, "We 
want another bedroom." or "We don't have enough 
storage space," or "We need a family room or 
someplace where the children can play;' or "We 
need someplace where we can relax away from 
the children." 
Selling the existing house and buying a larger 
one is not always practical. Being close to work, 
friends, and relatives, the high cost of financing a 
new house, and many other factors may make it 
desirable to add more space to an existing house. 
The best thing to do in the search for additional 
space using an existing house is to consult an 
architect experienced in residential construction 
and remodeling. However, in practice, this is sel-
dom done. The remodeling plans are developed 
by the owner working with a contractor, who in 
effect provides design and planning service in 
addition to doing the actual construction. 
The solution for the "more space" problem 
will depend upon a number of factors, but the 
key question is, "What kind of space is needed?" 
Assuming the family needs another bedroom, there 
are three possibilities. First, an existing space can 
be upgraded or converted to bedroom space. Sec-
ond, the liveable portion of the house can be 
expanded into unused space, such as an attic. 
Third, if neither of these is feasible, a room addition 
will have to be considered. 
Sometimes conversion of space should be con-
sidered. In many families, the greatest demand for 
bedrooms comes when the children are in their 
teens. Children of this age need rooms of their 
own whenever possible, and it may be necessary 
to find some extra space during this time. Because 
this time may be relatively short, some measures 
may be used that might not be considered oth-
erwise. 
Garage Conversion 
An attached garage may be a good space for 
conversion. An insulated wood floor can be added 
over the garage floor and the door replaced by an 
insulated wall. There are a number of planning 
possibilities, but a bath must usually be added 
because most housing codes require that a bath 
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be accessible from the bedroom without going 
through any other habitable room. 
What happens to the car? It usually will be 
stored on the driveway outside, or there may be 
space for a carport or garage on the front of the 
house. Another possibility is to install a driveway 
between the end of the house and the lot line, 
leading to a detached garage near the back of the 
lot. 
Basement Conversion 
If a good, dry basement is available, suitable 
bedrooms can be constructed in this area. The 
biggest problems are light and safety. More ade-
quate light and ventilation can be accomplished 
by adding additional standard basement windows, 
but this does not solve the safety problem. Most 
codes require that each sleeping room have an 
emergency exit. The minimum emergency exit is 
an operable window with a sill no more than 44" 
above the floor and having an openable area of 
no less than 52/3 square feet with a minimum 
dimension of 24". The use of larger windows and 
an expanded window areaway provides the exit 
and upgrades the basement room to nearly the 
quality of the lower level of a split-level or raised-
ranch house. 
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Converting an attached garage to bedroom space 
usually requires adding a bath. A new rear entrance 
and some outside storage space can sometimes be 
included. The new bath can serve as a 11mud room" 
if the space is reconverted when the need for bedroom 
space has passed. 
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Installing larger windows and using expanded areaways provide light and emergency exits to basement rooms. 
New landscaping will be required, and adequate drainage must be provided. 
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If the dimensions of the house are not large enough for a conventional stair, a dormer may be added to house 
the upper end of the stair and provide added height in a bath. If a dormer is added to both front and back of 
the house, there may be enough room for an additional bedroom or study as well. 
Attic Conversion 
If the house was originally designed as a story-
and-a-half house with expansion attic, that space 
may be finished for the extra space. The minimum 
ceiling height should be 7' -6" over at least half 
the room, and the minimum wall height should 
be 5'-0". A house at least 26 feet wide with a 
fairly steep roof is necessary to meet these con-
ditions without modification. 
Planning for More Space 
If the house was planned for expansion, there 
will be a space available for a stairway; otherwise, 
a normal stair takes up a large amount of space. 
Circular stairs, popular for their visual effect, also 
take up considerable floor space and present prob-
lems in safety and in moving furniture to the 
expanded area. 
If there is no space for adding a stairway within 
the house, a stair tower may be the answer. The 
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A stair tower can provide access to an attic area where there is no room inside the house for a stair, and may 
be enlarged to include a new rear entrance incorporating a 11mud room" on the lower level and a bath on the 
upper level. This may be simpler than installing plumbing through the existing house. 
tower, being narrow and tall, creates an unusual 
architectural effect, but, if properly handled, can 
add pleasing individuality to the house. 
Many old two-story houses have large attics 
that seem to have possibilities for providing ad-
ditional space. However, the attic floor framing is 
usually just strong enough to support the ceiling 
below. The floor cannot support the additional 
weight of furniture and people. Adding new floor 
framing and roof windows can make the conver-
sion too expensive to consider. An emergency exit 
to ground level is also a problem. 
Room Additions 
If there is no space within the original shell that 
can be converted, then the possibility of adding 
to the house should be considered. It may be 
possible to add to the front, back, either side, or 
above or below the original house. However, the 
practical limitations will reduce these possibilities 
considerably. One limitation is lack of space on 
the lot. The house may already extend to the legal 
setback lines at the sides and front, preventing an 
addition in those directions. 
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Another problem is the connection of any 
addition to the rest of the house. In most cases, 
some existing space in the house will be lost in 
providing access to the new addition. Extending 
plumbing and heating to the addition may also be 
a problem. An addition will usually cover some 
windows or doors, making it difficult to get ade-
quate natural light and ventilation to one or more 
existing rooms. 
Finally, there is the method of roofing the 
addition. Sometimes this can be done with a simple 
extension of an existing roofing system. Other 
times, complicated roof lines can tempt the de-
signer to use a flat or low-slope roof on an addition. 
However, flat or low-slope roofs usually have 
maintenance problems. 
The easiest place to add a room is to the end 
of the house, ·particularly if the main axis of the 
roof runs in that direction. Some space from an 
existing room will have to be sacrificed to provide 
a hall to the new room. 
It is almost as easy to add two new rooms as 
one because the roof framing is simpler. 
Another way to get more space is an addition 
University of Illinois SHC-BRC 
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Using the space now occupied by a bathroom or basement stair as a hallway may avoid changing the traffic 
pattern or size of existing rooms, but will require a new bath or basement entrance as part of the addition. 
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Most room additions require taking space from an existing room for a hallway to the new room. 
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to the front of the house, if there is room between 
the house and the front setback line or if a variation 
to the building and zoning regulations can be 
obtained. Some breakup of the building fronts 
might add to the appearance of the neighborhood, 
particularly if the addition is well done. Again, it 
will be necessary to provide a hallway through an 
existing room to the addition. The best solution to 
the roofing problem is often a gable-end extension 
toward the street. 
In the usual situation, the house has been built 
to the limits of the side yard and the front building 
line, requiring that the expansion take place to the 
rear of the house. There are many ways of making 
such an addition. The simplest is similar to the 
front expansion, with a hallway cut from an ex-
isting bedroom to connect the new room. This 
makes it possible to use the existing bathroom 
with the new bedroom. Sometimes, when the new 
connecting hall is partitioned off, the remaining 
space is too small to be used as a bedroom. In 
that case, two bedrooms will have to be added, 
with the space off the hallway used as a home 
office, library, or study area. 
There are means of access other than through 
an existing bedroom. Some circumstances might 
suggest the removal of the existing bathroom and 
using this space as a hallway to a new wing. This 
means that a new bath is required also, and the 
added expense will usually eliminate that option. 
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Another alternative is to use the present base-
ment stairway as an access and install a new 
basement stair in the addition. This may require 
more excavation than planned, but a basement 
under the addition may be useful as well. 
The Satellite System 
An interesting way of adding to a house is the so-
called "satellite" system. The basic idea is to build 
a new structure to the rear of the house and attach 
it with a simple passageway. This has the advan-
tage of completely separating the new structure 
from the old, reducing construction problems sub-
stantially. For example, the roofing of the new 
section can be planned independently of the ex-
isting house. Being very small, the roof of the 
connecting passageway can often be roofed sat-
isfactorily with a low-slope or one-way roof. 
The satellite system has living or social advan-
tages in some instances. It can serve to physically 
separate the generations. The satellite could be-
come the parents suite, or grandparents could be 
independent yet close. Obviously, the space use 
could be reversed- the teen-agers might find it 
very desirable to have their own wing of the 
house. 
If building restrictions and lot use requirements 
prevent an addition outside the walls of the ex-
isting house, there remains the possibility of ex-
panding upward. (While excavating a basement 
F 
bedroom above 
G 
G G 
Satellite additions can use the existing rear entrance for access, will change the natural light and ventilation 
patterns ·less than other additions, and may simplify roof construction. 
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under an existing house can be done, it is not 
usually economical or desirable.) It is possible to 
raise the roof and add a second story to all or part 
of the house. This raises the same types of planning 
problems as are associated with attic expansion. 
In addition, there is the problem of how to build 
the second story structure, and particularly how 
to build it without exposing the house to rain 
damage. 
In some cases, the new roof and wall structure 
are built above the existing structure; then, the 
old roof is removed when the new roof is complete. 
With truss roof construction, it is possible to lift 
off the roof as a total structure, store it temporarily 
on another part of the site, then re-erect it after 
the new walls are built. The speed of this system 
may eliminate weather problems. However, truss 
roofs are built to span the house from outside wall 
to outside wall- there may not be a center partition 
to support the floor joists of the second floor. ln 
that case, parallel-chord floor trusses would have 
to be used or a supporting wall added. 
Planning problems, construction problems, and 
weather problems all combine to make vertical 
expansion difficult. It is often hard to get a satis-
factory architectural appearance with this type of 
addition. 
If a satellite addition is acceptable, a second-
story addition over a two-car garage offers some 
possibilities. The problem of weather damage to 
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An existing breezeway between the house and garage 
can be enclosed, usually with some roof modification, 
and converted to a family room. 
Planning for More Space 
a garage is not as critical, and the kind of structure 
that must be rebuilt is not as costly as the house 
structure. · 
The Study or Office 
While the previous discussion has been based on 
the need for a bedroom, there is often the need 
for a home office or study for the working profes-
sional. The requirements and options are much 
the same as for a bedroom, except the bathroom 
access is not as restricted. If clients are expected 
to visit the office, a front or side addition is more 
useful, and a second entrance is preferred. 
The Family Room 
Families often want a "family room;' "playroom;' 
"recreation room," or similar space for informal 
activities, TV watching, etc. If the house has a 
breezeway or porch, that area may be well-located 
for conversion. Attached garages are often con-
verted because they are usually located near the 
kitchen entrance, and the kitchen and informal 
living space often function together. If a family 
room is added to the rear of the house adjacent 
to the kitchen, one or more windows will be 
blocked. Natural light for the kitchen will have to 
be "borrowed" from the family room. 
Family rooms can also be added as satellites, 
or the playroom may serve as the transitional 
element between a satellite bedroom complex and 
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A garage or carport can be converted to a family 
room, and a new garage added at the side or rear of 
the house. 
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the original house. Another option is to use the 
existing living room as a family room and build 
an addition to serve as the formal entertaining 
area. A breezeway can be finished to serve as a 
new entrance hall, with a new dining room and 
living room extending to the rear. If the side lot 
is limited and there is no garage or breezeway, the 
main entrance can be transferred to the side. The 
original living room can become the family room, 
while the more formal parts of the house are to 
the rear. Some architectural treatment should be 
developed to emphasize the new entrance . 
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If there is no garage or breezeway, the main entrance 
can be transferred to the side of the house, and a 
new formal entertaining area built at the rear, per-
mitting the conversion of the present living room to 
a family· room. 
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Adding a second story is complicated by the possible 
need for additional support walls on the first floor 
and the need for weather protection during construc-
tion. 
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SUNSPACES AND GREENHOUSES FOR 
THE HOME 
Small Homes Council-Building Research Council 
University of Illinois at Urbana-Champaign 
There are two types of solar heating systems. Active 
systems use mechanical equipment to collect, store, 
and distribute solar energy. They tend to be expen-
sive to construct and to maintain. Active systems 
also require some degree of knowledge and effort 
on the part of the householder to operate. Since the 
amount of solar energy in the sections of the United 
States occupied by more than half the population is 
relatively limited by winter weather conditions, the 
amount of heat available to collect and use may not 
justify an active solar heating system. 
Passive systems are built into the house and re-
quire no mechanical devices or effort on the part of 
the occupants to collect, store, and distribute ener-
gy from the sun. Passive systems cost relatively lit-
tle to construct as a part of new construction and 
may be adaptable to existing houses in many in-
stances. True passive solar design makes the whole 
house a solar collector. Modifications to existing 
houses may not go that far, but do convert some 
spaces to solar collection. 
Because of the limited amount of energy avail-
able, a secondary goal of passive solar design is to 
reduce the average annual energy requirements. At 
the same time, the house must meet the needs of the 
family within the overall design goals. 
While there are many ways to incorporate pas-
sive solar design into new construction, the options 
of adding passive solar features to an existing house 
are limited. One of the most feasible is to add a 
sunspace or solar greenhouse to the structure. 
Sunspaces are defined as areas or rooms 
designed primarily for heating purposes as well as 
living spaces. A sunspace differs from most other 
solar heating systems in that it is a part of the house 
rather than a piece of equipment. Sunspaces can 
provide heat and save energy, and they can provide 
pleasant living areas. 
A sunspace should: 
• be weathertight. 
• provide a pleasant addition to the living space. 
• be capable of being closed off from the house. 
This publication was prepared as part of a research 
project on superinsulated houses and solar greenhouses 
sponsored by the State of Illinois Department of Ener-
gy and Natural Resources. 
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• be an efficient collector of solar energy. 
• have a capability of storing heat for later use. 
• have a system of directing surplus heat to the 
remainder of the house. 
• have a means of controlling solar gain during 
the summer. 
• have a means of dissipating excess heat: 
A greenhouse is a sunspace that has been adapted 
for growing ornamental and/ or food plants. It can 
be used to produce food by extending the growing 
season or making it possible to garden year-round. 
It varies from a sunspace in that: 
• it is designed specifically to extend the grow-
ing season. 
• it may require heat to preserve plants during 
cold weather. 
• heat storage is more important than surplus 
heat distribution. 
• humidity control is important. 
Greenhouses and sunspaces can produce heat, 
provide a growing environment for plants, or 
provide a pleasant living space. They can do any 
one of these things very well, but it is almost impos-
sible to make one structure do all three well at the 
same time. For example, an efficient heat-gathering 
sunspace will get hot enough to wither most plants. 
A greenhouse designed to produce an abundant 
variety of food will not have much room to relax in, 
and will not produce heat consistently enough to 
supplement a furnace. It may even require addi-
tional heat during very cold or cloudy weather. A 
sunspace designed as a living area will have 
moderate temperatures that are too low for sig-
nificant supplemental space heating and it probab-
ly will not have enough room for substantial food 
production. 
For horticultural greenhouses, plenty of light is 
essential. Heating sunspaces need to gather a lot of 
thermal energy. Living sunspaces need to maintain 
moderate temperatures. These design requirements 
will determine how the light is let in, how thermal 
storage is used, and how air movement between the 
house and the space is controlled. 
Many people hope that their suns paces or green-
houses can be designed to be usable the year 
around, supply surplus heat to the rest of the house, 
and require no additional energy. In many parts of 
the country, there is not enough sunlight during the 
winter for the spaces to work that way. Sunspace 
and greenhouse performance always depends on 
the weather, and the very best design cannot over-
come the occasional cold spell during a week of 
cloudy days. However, weather records indicate 
that the brightest winter sun often occurs on the 
coldest days. 
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The first decision to be made is what the 
sunspace or greenhouse is being designed to do, 
taking into account what seems desirable and pos-
sible now and what your needs probably will be one 
or twenty years from now. 
Suns paces 
There are two general types of sunspaces-the at-
tached sunspace, where the north wall is common 
with the rest of the building, with the other three 
walls free-standing, and the semi-enclosed 
sunspace, in which two or three walls are common 
with the structure. 
Where space is limited, a two-story sunspace can 
be used to collect more solar energy. It can be 
designed to serve a dual function--the lower level 
can be used to grow plants and the upper level for 
heating. Heat rises in a two-story suns pace, making 
it essential to be able to close off the sunspace from 
the second floor rooms to prevent overheating 
them. Windows or sliding glass doors can be used 
The attached sunspace is constructed on the south side 
of the house, with the north wall being part of the 
original house wall. A gable roof preserves the ap-
pearance of the house. 
An attached sunspace can have just the south wall in 
glass, since the east and west walls have relatively little 
solar gain during the winter. The use of a low-slope shed 
roof will usually require roll or built-up roofing rather 
than shingles, and the roof line does not provide the 
same architectural "feel" to the appearance of the house. 
Sunspaces and Greenhouses 
A semi-enclosed sunspace, which uses two walls of the 
house, is the most practical for an "L" or "T'-shaped 
house. The flat or nearly flat roof is difficult to connect 
to the original roof without leakage. The projecting wing 
of the house on the east or west shades part of the south-
facing glass except at mid-day. 
to provide a feeling of openness and to help control 
the heat flow. A second floor deck built into the 
sunspace may not be practical as a living space be-
cause of the overheating. Similarly, it may be dif-
ficult to keep the lower level warm. Ducted fans 
work better to move warm air from the upper level 
to the lower level than paddle-type ceiling fans. 
Before adding a sunspace to reduce heating bills, 
consider the following requirements: 
• Your home should be energy-efficient. Money 
spent on roof and wall insulation, caulking, 
weatherstripping, and window improve-
ments is much more effective at reducing ener-
gy bills than money spent on any type of solar 
retrofit. 
• A sunspace addition requires good solar ac-
cess on the south side of the house. It will not 
perform well if it is substantially shaded be-
tween 9:00 a.m. and 3:00 p.m. during the 
winter. Remember that the sun angle is much 
lower in the winter, when the space will be 
A two-story sunspace can provide heat to both living and 
bedroom areas. While a glass roof may not be practical, 
operable skylights can provide both light and ventila-
tion. 
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Greenhouses and suns paces with glass roofs must have 
operable panels to provide ventilation during the sum-
mer. The openings into the house should be equipped 
with operable windows and doors to control the heat 
transfer into the living area. 
used, than in the summer, when it is planned. 
Buildings and trees to the south that do not 
shade the area in the summer may in the 
winter. 
• A suns pace is most likely to be a successful ad-
dition to the living space if it is adjacent to 
other living spaces, not bedrooms, on the 
south side of the home. 
• There must be adequate space available on the 
lot within setback and zoning requirements. 
Capturing the Sun 
The sunspace or greenhouse addition should be lo-
cated to receive the maximum amount of sun 
during the winter and yet be sheltered from the 
prevailing winds. If shaded by deciduous trees 
during the summer, the species of tree will have a 
major effect on the winter solar gain as well. Some 
species that have thin branches and twigs will 
reduce the solar energy available by only 20%, 
while others, such as oaks, may provide about 40% 
shade even after the leaves have fallen, and some 
species do not drop their leaves until spring. Sum-
mer shading is best provided by overhangs and 
controllable exterior shading devices, such as 
louvers or awnings. 
~ostsunspacesfacesouth,butsometimesitcan 
be better if they don't. A greenhouse or suns pace 
can be oriented as much as 25 degrees off south and 
still collect 90% of the solar energy that it would if 
facing directly south. Orienting the greenhouse or 
sunspace so it does not face due south can be an ef-
fective way of controlling light and heat gain. A 
slight easterly orientation can help to gain heat in 
the morning and limit it in the afternoon. This may 
be advantageous where, in spring and fall, some 
heating is needed in the morning but afternoons 
may be too hot. 
In many locations, the addition of a sunspace 
may significantly increase the summer cooling load 
of the house. Even with large ventilation air flow 
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A front or back porch can be converted to a sunspace 
with the proper windows and overhangs. If the old 
porch floor is removed and new foundation walls are 
built, the space between the soil and the floor can be 
filled with sand or gravel and topped by a concrete slab 
to serve as a heat sink. 
rates, the additional heat passing through an unin-
sulated masonry wall between the sunspace and 
the rest of the living area can be significant. Shad-
ing is more effective than venting. If the common 
wall between the sunspace and the house is insu-
lated, there should be relatively little increase in the 
cooling load. Even though all of the additional 
building load may not have to be met with an air 
conditioner, the cooling load is a significant concern 
_for conductive common wall systems. 
Sun Porches 
~any larger older homes were originally built with 
screened porches, most on the first floor, but some 
as second-floor "sleeping porches." Converting a 
south-facing porch into a sunspace is a major 
project, requiring time, labor, and money. If the 
conversion is properly done, the space will be a 
delightful, high-quality area that will increase the 
value of the home. The simplest form of sunspace 
is to enclose a first-floor porch with vertical glazing 
to serve as a sheltered entryway. It cuts the force of 
winter winds, keeps warm air from rushing out of 
the house when the door is opened, and provides 
some solar gain. If the sun porch is built well 
enough, the solar heat it collects can be moved into 
the house through existing windo~s and doors. A 
fan will help circulate the heat into the house-
natural convection may not be enough. If it is to be 
used as a greenhouse, the structure must be check-
ed to see if it is capable of supporting the weight of 
planting beds, etc. 
South-facing second-floor sleeping porches can 
be converted to living area by adding multiple glaz-
ing and insulation, as well as heat distribution and 
ventilation systems. Heat storage is difficult to add 
because the structure is usually not designed to 
carry the weight of a storage ~ystem. The space is 
often used as private lounging space or an office. 
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Many houses built in the earlier part of the century had 
an uninsulated second floor "sleeping porch" which can 
be insulated and glazed to form an effective sunspace. 
Like other sunspaces, a sun porch may overheat 
in the summer. Some of the glazing should be 
removable or vents provided to let the hot air out. 
If cross-ventilation and some sort of shading is 
provided, it can be a pleasant place to spend time 
in the summer. 
Construction 
Insulation. To get the most out of heat from the sun 
(or back-up heat if it is used), a greenhouse or 
sunspace should be insulated. Both permanent and 
movable insulation should be considered. The im-
portant thing is to think about insulation during the 
design phase-insulation that is installed as an 
afterthought rarely works very well. 
Permanent insulation may be applied to knee 
walls, end walls, north walls, foundations, roofs, 
and doors. Walls and ceilings are usually insul~ted 
with fiberglass batts, and rigid extruded polys-
tyrene foam is typically used on the outside of foun-
dations. The glazed areas may be insul~ted with 
double-pane glass, layers of plastic glazing, or a 
combination of these. Additional layers of glazing 
do reduce the solar gain, and various materials fil-
ter out some types of light that may be important 
for horticulture or heat gain. 
For areas with mild winters (less than 4000 de-
gree-days), the minimum insulating values for 
walls should be R-12, ceilings R-19, and R-8 for 
foundations. In colder areas, the minimum values 
for walls should be R-19, ceilings R-30, and R-16 for 
foundations. It is important to provide a vapor 
retarder on the sunspace side of the insulation. A 6-
mil polyethylene sheet is commonly used. The kraft 
or foil facing on insulation will not be adequate. 
Movable insulation can be very effective. It may 
consist of insulated drapes or shades which are 
pulled over windows on cloudy days and at night. 
It may be solid insulated panels, either removable 
or hinged, which close over the glass area during 
these periods. The main objection to any form of 
movable insulation is that it takes effort to use it. 
The best type of movable insulation would be on 
the outside of the structure, because it keeps the 
Sunspaces and Greenhouses 
glazed area warm enough to prevent condensation. 
Insulating the inside of the windows will isol~te the 
glass from the warm room air, and allow it to get 
about as cold as the outdoor temperature. Since it 
is always difficult to get a vapor-tight seal between 
the movable insulation and the window frame, 
moisture from the room will almost certainly con-
dense on the glass surfaces covered by drapes, 
shades, or panels. The minimum insulating value 
for movable insulation should be R-4. 
Glazing. Double glazing is the minimum recom-
mendation; triple or high-performance (R-4) glaz-
ing is better. The best is double plus R-9 movable 
night insulation. 
When people think of greenhouses or sunspaces, 
they often visualize an area with near-vertical glass 
on the south side and a sloped glass ceiling. 
The angle of glass that is most efficient for 
winter-time solar energy collection is 10 to 15 
degrees plus the latitude of the site. A sunspace lo-
cated at 40 degrees north latitude would have an 
optimum glass angle of 50-55 degrees from the 
horizontal. However, the use of the optimum 
winter slope may lead to overheating during the 
summer. A vertical south wall provides more 
headroom and is easier to build. Vertical glazing is 
easier to maintain, leaks less, and may be more 
durable, since rain and snow run off better. Vertical 
glazing is also easier to keep clean. It also works 
well where snow on the ground reflects additional 
sunlight into the sunspace. Operable windows in-
The conventional greenhouse design collects light and 
heat from the low sun during the winter. However, much 
of the solar energy is reflected from the upper section. 
The upper section makes a good solar collector during 
the summer, when additional heat is not needed. 
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A calculated overhang can shade the south wall of a 
sunspace during the winter and still allow the sun to 
reach well into the space during the winter. 
stalled on a slope often leak, but are weathertight 
when vertical. 
The use of a sloped glass roof is not justified, 
even for a solar greenhouse. Glass will admit the 
maximum amount of heat when the sun is perpen-
dicular to it. In the winter, the sun is low in the sky 
and strikes the glass roof at an angle, which reflects 
most of the heat back toward the sky. During the 
summer, when the sun is high, it strikes the glass 
An exterior view of the two-story sunspace on the south 
wall of the Springfield Energy House. Note the 
"eyebrow" to shade the lower windows during the sum-
mer. 
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roof at the correct angle for maximum gain-just 
when additional heat is not needed. Also, the glass 
roof has relatively little insulating value (R-2 for 
double-pane glass), and loses a tremendous 
amount of heat on a winter night by allowing radia-
tion to the cold night sky. The heat balance is much 
better if the roof of the suns pace I greenhouse is a 
solid, insulated structure. The selection of the cor-
rect overhang can provide shading of the south 
glass (vertical or sloped) during the summer and 
allow full penetration during the heating season. 
Overhead shading from a roof overhang is one 
of the best methods for shading the glass in a 
sunspace or greenhouse during the summer. For the 
band between 35 and 45 degrees latitude (Los An-
geles to Portland OR, Memphis to Minneapolis, or 
Cape Hatteras to Bangor ME), an overhang of 36 to 
42 inches will effectively shade a wall eight feet 
high. A twelve-foot wall would require about 60 in-
ches, and a full two-story wall about 80 inches. 
While the primary basis for selecting glazing 
materials is that they transmit solar energy, there 
are many other considerations. Polyethylene is 
translucent and cheap, but seldom lasts more than 
a year. There are other flexible and rigid plastic glaz-
ings that are clear, but they are not permanent and 
some may distort, discolor, or wrinkle with age, and 
An interior view of the two-story sunspace in the 
Springfield Energy House showing the living space and 
the tile floor over the heat storage bin. 
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are subject to scratching. The advantages of plastic 
glazing include availability in large sheets or rolls, 
high solar transmittance, light weight, break-resis-
tance, and relatively low cost. 
Ordinary glass is the cheapest durable glazing, 
but it is subject to breakage from vandalism and 
hail. High-performance glass, made with a low-
emissivity coating and/ or the sealed space between 
panes filled with argon or other low-conductivity 
gas, is better but more expensive. Tempered glass is 
most resistant to breakage, and in extreme cases, 
safety glass can be used. Tempered glass comes in 
standard sizes, and cannot be cut on the job. Design-
ing the structure to use standard replacement 
panels for sliding glass patio doors is a good choice 
because they are made of tempered glass and are 
available as sealed double glazing. "Seconds" are 
sometimes available at discount prices. 
Heat Storage. Extra thermal mass storage is often 
included in the sunspace to reduce the sunspace air 
temperature fluctuations. Thermal mass should be 
integrated into the structure as much as possible. A 
large masonry fireplace can serve both as thermal 
storage and a heat source in itself. 
Another common method is to use a concrete 
slab (sometimes finished with quarry tile) or brick 
floor over a bed of rock or sand. The floor and 
storage bed must be insulated from the foundation 
or surrounding soil. As the sun shines through the 
windows, it strikes the floor and warms the mason-
ry and the dry sand or gravel bed below it. At night, 
the heat stored in the floor and storage bed will be 
released to the sunspace to keep the temperature 
more constant. Of course, no carpeting or floor 
covering can be used or it will insulate the storage. 
A second method of heat storage is the "Trombe" 
wall. This is a heavy, usually masonry, wall con-
structed at some point inside the sunspace where it 
is in the direct rays of the sun. Thermal mass which 
does not receive direct sunlight is of little value and 
may contribute to midday overheating. Its greatest 
effect occurs when it is built just inside the glazing, 
but that destroys much of the utility of the space. 
The more common location is on the north wall of 
the sunspace. 
If the original house had masonry veneer siding, 
that masonry can be used. Otherwise, masonry heat 
storage walls can be made of placed concrete, con-
crete blocks with filled cores, brick, ceramic tile, or 
any combination of these materials. Solid masonry 
walls weigh about 140 pounds per cubic foot, and 
the structure may not be able to carry the weight. 
If additional thermal mass is desired, water is a 
good storage medium. On a volume basis, it will 
store three times as much heat as masonry, and 
weigh less than half as much. Also, it will absorb 
and release heat more rapidly than masonry. It 
Sunspaces and Greenhouses 
An adjoining fence or building may block the winter sun. 
This is not always obvious if the project is planned 
during the summer. 
should be placed in sealed containers, preferably 
black to absorb and radiate the maximum amount 
of heat. In the midwest, a ratio of 1 cubic foot of 
water (71/2 gallons) to each square foot of common 
wall seems to work well. The containers should be 
about twice as high as they are deep. Plastic con-
tainers are better because they will not corrode over 
time as metal will. The structure must be designed 
to carry the weight of the water or the Trombe wall. 
Heat Distribution. In general, sunspaces that have 
an uninsulated masonry wall on the north deliver 
relatively large amounts of heat to the living space 
during the day. However, at night, a significant 
amount of energy is conducted from the living 
space through the wall and lost through the 
sunspace glass and walls. Insulated common wall 
systems have a lower passive daytime delivery but 
minimal nighttime losses. The best design depends 
upon location. 
Nearly any house that relies on a sunspace as a 
source of heat will benefit from the use of fans to 
move the air from the sunspace. Fairly simple sys-
tems that use small fans can be effective and low in 
both initial and operating cost. 
Many suns pace system designs include vents in 
the common wall to allow gravity circulation of 
warm air from the suns pace into the building. In the 
case of an uninsulated masonry common wall, the 
venting air flow rate has little effect on the auxiliary 
heating load of the building. This is because a large 
portion of the heat transferred from the sunspace to 
the building is by conduction through the wall. 
However, for insulated common wall systems, the 
air flow rate has a large impact on the auxiliary 
heating requirement because very little heat is 
transferred through the wall. Thermal air circula-
tion vents should total about 6% of the north wall 
area, with the high and low vent areas in the ratio 
of 4 to 3. 
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Greenhouses 
An attached solar greenhouse is often used as a 
sunspace for sitting and growing a few plants. In 
this case, the operation of air vents and movable 
night insulation usually requires a minimum of 
time and effort. For the more serious gardener, the 
solar greenhouse can be used to extend the grow-
ing season of the outdoor garden. This usually in-
volves transplanting vegetables in and out of the 
greenhouse on a seasonal basis. 
In the spring, tomatoes, melons, broccoli, and 
celery are some plants which might be started in the 
greenhouse for transplanting to the outdoor garden 
after the last frost. Most healthy garden vegetables 
can be brought into the greenhouse to stretch their 
growing season into the winter. Hardy vegetables, 
such as lettuce, spinach, beets, carrots, onions, 
radishes, and herbs should grow well through most 
if not all of the winter. 
Traditional greenhouses, prefabricated or site-
built, are usually designed as free-standing struc-
tures. They are seldom designed for specific 
climates and solar conditions. They often demand 
the use of additional fuel to maintain growing con-
ditions. Many manufacturers have developed units 
which appear as half-greenhouses to be attached to 
an existing structure. Since these structures were 
designed as commercial or semi-commercial plant-
growing units, being watertight is not a major con-
cern, and most of them have minor leaks. For that 
reason, a site-built unit is usually more suitable for 
an attached greenhouse. 
If the sunspace is to be used as a greenhouse in 
the winter, and is insulated to the standards given 
above, is double-glazed, and has an uninsulated 
masonry common wall with the house, very little 
A one-story sunspace with a sloped glass roof attached 
to the Illinois Lo-Cal research house. 
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auxiliary heat will be needed to maintain it above 
40 degrees. A significant amount may be needed to 
maintain it at 65 degrees. Not all of the auxiliary 
energy added to the sunspace is lost to the atmos-
phere-by increasing the sunspace temperature, 
less heat is lost from the house, and auxiliary heat 
requirements for the house are somewhat reduced. 
The glass area and the amount of thermal storage 
required is usually larger for a horticultural green-
house than for a sunspace. 
Rules of Thumb. The amount of glass area needed 
to maintain a growing greenhouse will vary with 
the local climate and the hours and intensity of sun-
light available. In areas havin? less than 4000 heat-
ing degree-days, 3/4 to 1 /4 square feet of 
south-facing glass should be allowed for each 
square foot of heated floor area. The heated floor 
area should include the greenhouse and any adjoin-
ing area in the house which is to be heated. In 
climates to 6500 degree-days, 1 to 11/2 square feet of 
glass per square foot of floor area would be 
desirable. 
For thermal storage, about 21/2 gallons of water 
or 11 h cubic feet of rock or masonry storage is 
recommended for each square foot of glass in the 
milder climate. In colder climates, up to 3 cubic feet 
of rock or masonry or 5 gallons of water per square 
foot may be needed. 
Two venting systems are needed in a working 
greenhouse-one which vents warm air into the 
house in the winter and a second which exhausts 
hot, humid air outside in the summer. An upper and 
lower vent is required for both applications, with 
provisions for closing each vent. If gravity vents are 
used rather than fans, the total area of vent open-
ings should be equal to 1/s to 1/6 of the greenhouse 
floor area. In some cases, the existing doors and 
windows can be used for venting air into the house. 
Construction Materials. Wood used in greenhouse 
construction should be naturally durable species, 
such as cedar, redwood, or cypress, since it is an 
area of high humidity and frequent water usage. 
Pressure-treated wood treated with CCA or ACA 
preservatives can be used. Wood treated with 
creosote or "penta" should not be used. Cut ends of 
pressure-treated wood should be brushed with a 
solution of copper napthenate. Cut ends of all wood 
should be sealed to prevent moisture absorption. 
Only hot-dipped galvanized or stainless steel nails 
should be used. Screws should be brass, aluminum, 
or stainless steel. Ordinary steel nails or screws will 
deteriorate quickly in the humid atmosphere of a 
greenhouse, particularly when used in redwood. 
There is the same choice of glazing materials as 
was listed for sunspaces, with essentially the same 
advantages and disadvantages. 
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COUNCIL NOTES 
Lumber should be selected to serve the particular 
purpose for which it is to be used. To buy lumber 
of insufficient strength or quality is, of course, un-
wise; to buy lumber of better quality than is needed 
is extravagant. 
Lumber, like many commodities, is graded ac-
cording to quality and strength. While this is of con-
siderable help to the purchaser, the many species of 
wood and the several grades of quality complicate 
the task of buying lumber. 
In addition to knowing and appreciating the 
physical properties and limitations of lumber, 
prospective homeowners find that an under-
standing of lumber merchandising terms is helpful. 
Many persons describe their needs in words which, 
to a dealer, mean lumber in excess of the grade ac-
tually needed. For instance, if a homeowner who 
needs a set of shelves in the basement merely states 
that he wants a "good-looking board," this may 
mean to the dealer a top-grade board. Actually, one 
of the lower grades could serve just as well at less 
cost. 
To help the homeowner in buying lumber, this 
circular describes the properties of wood, and the 
grades and uses of lumber for houses and lawn ac-
cessories. (It is assumed that lumber will be used in 
accordance with good building techniques.) Em-
phasis is given to the softwoods, since these are 
used most for construction; the hardwoods are 
generally remanufactured into items such as floor-
ing or furniture. 
Softwood and Hardwood 
Although wood is classified as softwood or hardwood, 
these terms have no reference to the softness or 
hardness of the wood. Softwoods are cut from trees 
having needle-like or scale-like leaves (fir, pine, 
cedar). Hardwoods are cut from trees that have 
broader leaves (gum, oak, walnut, cottonwood). 
QUALITY OF LUMBER 
Lumber comes from many species of trees, all of 
which have certain common characteristics, such as 
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growth rings and grain. These characteristics vary 
from species to species and determine the 
suitability of a given wood for a particular use. 
Of all the demands placed on wood in house con-
struction, strength is the most important. The 
strength required of each piece of lumber depends 
not only on the purpose it is to serve, but also the 
way the load (or stress) is distributed on the piece, 
and the length of time the piece must support the 
load. In turn, the strength of each piece of lumber 
itself depends on the kind and quality of the wood, 
the way the piece is loaded in relation to the direc-
tion of its grain, and its size. 
Quality and strength of wood are affected by 
grain, by defects, and indirectly by moisture con-
tent. 
Grain 
Grain-the arrangement of fibers or cells in the 
wood-is sometimes the basis for selecting lumber. 
Boards chosen for beauty often have fibers ar-
ranged in a wavy or curly pattern. In some woods, 
the fibers form a pronounced pattern due to dif-
ferences in the size of the cells. 
For strength, boards should have a grain that is 
straight-that is, the wood fibers should run near-
ly parallel to the sides of the board. 
The tree at the left is typical of hardwood; that at the 
right, of softwood. 
University of fllinois SHC-BRC 
When the fibers deviate from the parallel, the 
board is said to have cross grain. A small amount of 
cross grain is generally acceptable. Cross grain is 
the result of the fibers following a spiral pattern in 
the growth of the tree, or the board was not sawed 
parallel to the bark surface. 
The grain pattern varies according to the way the 
board is sawn-flat-sawn or quarter-sawn (vertical 
grained). Flat-sawn boards are more apt to warp or 
shrink than quarter-sawn boards and, thus, are less 
desirable for some uses. 
Hardwoods are porous woods. Those woods 
with large pores (cell openings), such as oak, are 
called open-grained woods. Woods which have 
smaller pores scattered over the surface of the an-
nual growth rings are described as dose-grained 
woods. Cherry, gum, and maple are examples. 
Defects 
Because knots, checks, splits, shakes, and pitch 
pockets weaken a piece of lumber, the number and 
size of these defects are specified for the various 
grades. 
A knot is a part of a branch which has become 
incorporated into the body of a tree. Although the 
knot itself is as strong as the rest of the wood, the 
cross grain which grows around the knot weakens 
the lumber. Furthermore, when the lumber is being 
dried, checks and cracks often develop in this ir-
regular grain. 
Knots can be tight or loose. Loose knots, formed 
when the wo"od grows around a dead branch, are 
apt to fall out when the log is cut into lumber. 
Round knots are produced when the limb is 
cross-cut; spike knots when the limb is sawed 
lengthwise. 
Checks and splits are separations of the wood 
along the grain. A split extends through the lumber; 
a check does not. Checks and splits usually develop 
as the result of unequal shrinkage in a piece of lum-
ber. How much they weaken lumber depends on 
their size and on where they are located in the piece. 
Small checks from drying have little effect on 
strength. 
Shakes differ from splits in that a shake is a 
separation between two growth rings; a split usual-
ly runs across growth rings. 
Pitch pockets are openings which contain solid 
or liquid pitch. They are found in pine, spruce, 
Douglas fir, tamarack, and western larch. 
Moisture Content 
The amount of moisture in wood affects its perfor-
mance. As wood dries, it shrinks; when dry wood 
gets wet, it swells. Lumber which is excessively 
moist over a long period of time is likely to decay. 
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A piece of lumber with cross grain is illustrated at the 
left; one with straight grain, at the right. 
In a flat-sawn board (top), the growth rings seen on the 
end run across the width of the board. In the quarter-
sawn board (bottom), they run across the thickness. 
spike knot 
tight knot 
round loose knot 
Different types of defects are pictured above. 
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bow crook 
twist cup 
Various types of warping are shown in the illustrations 
above. 
In air-drying lumber (top), the courses of lumber are 
separated by sticks to allow circulation of air. When 
lumber is dried in a kiln (bottom), the rate of seasoning 
can be controlled. 
Lumber stored out-of-doors should be placed on a level 
found<!tion and should be protected from rain and 
ground moisture. 
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Do not use freshly cut or green lumber in house 
construction. Although it costs less than lumber 
which has been dried, it is usually more expensive 
in the end because of difficulties resulting from 
shrinkage-nail-popping, warping, checking, 
cracking of finish materials. 
Lumber should be dried to about the same mois-
ture content that it will have when it is put to use-
about 10%. Problems can be expected if the 
moisture content exceeds 20%. Softwood lumber 
now is classified by the American Softwood Lum-
ber Standard as either "dry" of "green"; dry lumber 
has been seasoned to a maximum moisture content 
of 19%. Electric moisture meters can be used to 
check the moisture content if it is questionable. 
Common methods of seasoning lumber are: 
• Air-drying. Wood is stacked and allowed to 
season under cover but out-of-doors. This 
method is not practical in cold, damp weather; 
in hot, dry weather, the green lumber may warp 
or check, since shrinkage is difficult to control. 
• Kiln-drying. Lumber is placed in a large "oven" 
where the rate of seasoning is controlled by ad-
justing humidity, air temperature, and air cir-
culation. Kiln-drying is more expensive than 
air-drying, but the lumber can be dried faster 
and to a lower moisture content. 
Lumber dried to the same moisture content by 
either method will give equal satisfaction if it does 
not warp or check while drying. 
Regardless of how it is dried, lumber will gain or 
lose moisture until it reaches a balance with the rela-
tive humidity of the air. Paint does not prevent 
wood from absorbing moisture as the finishes do 
not completely seal the wood. Paint does slow the 
rate of moisture absorption and the drying of wood 
as weather conditions change. 
Storing Lumber: To avoid warping, staining, and 
other possible ill-effects, lumber delivered to a job 
should be stored in a dry place and stacked as it is 
in lumber yards. If the lumber must be stored out-
of-doors, it should be placed on a level foundation 
over a ground cover and off the ground. It should 
be protected from rain and ground moisture with 
tarpaulins or other moisture-resistant covering. In-
terior millwork and flooring must be stored inside 
the enclosed building. 
Wood Flooring: When a house is heated, wood 
finish-flooring may shrink. To avoid excessive 
shrinkage, the flooring should be stacked inside the 
house for a week or more before it is laid so that it 
reaches a balance with the moisture content of the 
house. The plaster, drywall taping compound, or 
gypsum floor decks should be dry before bringing 
in flooring; otherwise it will absorb moisture given 
off by the building materials. These suggestions 
also apply to paneling. 
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Decay and Stain 
When the moisture content of wood is excessive 
(20% or more), the wood is susceptible to decay, 
blue stain, or mold. Decay is caused by fungi, small 
plant-like organisms which feed on wood until it 
becomes soft and punky. Even though this wood 
appears to be sound, it loses some of its strength. 
Fungi require favorable temperatures, air, and 
water to become active. There is no such thing as 
"dry'' rot, since the so-called dry-rot fungi can carry 
moisture several yards into dry wood. 
Certain woods, such as cedar, cypress, and red-
wood, are more resistant to decay and insect attack 
than others because their heartwood contains 
natural extractives which are resistant to fungi. Sap-
wood is generally not as resistant to decay as 
heartwood but absorbs wood preservatives better. 
Chemical preservatives, which poison the food 
supply of the fungi and give wood resistance to in-
sect attack, are frequently used to treat less-durable 
woods. Methods of applying preservatives are 
pressure-treatment (most effective), hot-cold bath, 
cold soaking, and brush or spray (least effective). 
Some fungi do not cause the wood to decay but 
cause only stain or mold which affect the ap-
pearance of the wood. Wood which is blue-stained 
can be painted or bleached, or, if the stain is not too 
deep, it can be planed to restore its appearance. 
BUYING LUMBER 
Lumber is usually priced and sold by the board -foot 
unit-that is, a piece which is nominally 1 inch thick 
by 12 inches wide by one foot long. Moldings are 
usually sold by the lineal foot. 
To determine the board-foot volume of a piece of 
lumber, use the following equation: 
Sawmills cut softwood lumber in lengths rang-
ing from 4 to 24 feet in multiples of two feet. Stan-
dard lengths of hard wood lumber range from 4 to 
16 feet in multiples of one foot . The table on page 7 
shows the lengths commonly stocked by retail 
dealers. To get a 9-foot length, the purchaser usual-
ly pays for a 10-foot length. 
Some lumber dealers permit the purchaser to 
select a few boards from a given grade, but there is 
often an extra charge for such selection. 
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Heartwood (mature wood in the center of the tree) and 
sapwood (wood between the heartwood and the bark) 
are equally strong. Heartwood is often darker in color 
than sapwood. 
SIZE OF LUMBER 
The thickness and width of softwood lumber 
depend upon whether the pieces are rough-sawn or 
planed smooth, or are green or dry. Dimensions of 
milled lumber are nearly always less than the 
nominal size because the wood must be seasoned 
and dressed (planed) after it is cut from the log. For 
instance, a green, rough-sawn board l-inch thick is 
actually 3 I 4-inch thick if dry and dressed; it is 
25/32-inch if it is green (above 19% moisture con-
tent) and dressed. If the lumber is grade-marked, 
the stamp will indicate whether the piece was green 
or dry when it was dressed to size. 
Yard lumber often is stamped with a "grade mark" to 
indicate its size, species, grade, and moisture content at 
time of planing. 
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THICKNESSES FACE WIDTHS 
Actual (inches) Actual (inches) 
Nominal Min. Dressed Nominal Min. Dressed 
Size• Dryt Green Size Dryt Green 
3/4 2%2 2 Ph 1~6 
11/4 1 1 }-32 3 21/2 2~6 
Ph 11/4 1%2 4 31/2 3~6 
2 Ph 1~6 5 41/2 45/s 
21/2 2 2X6 6 51/2 55/s 
3 21/2 2~6 7 61/2 65/s 
31/2 3 3X6 8 71/4 71/2 
4 31/2 3~6 9 81/4 81h 
10 91/4 91/2 
11 101/4 101/2 
12 111/4 11 1h 
• Thickness sometimes is expressed as 4/4, 5j4, etc. 
t Dry lumber has been seasoned to a moisture content of 19% or less. 
TYPES OF LUMBER 
Softwood logs are sawn into Yard Lumber, Struc-
tural Lumber, and Factory and Shop Lumber. 
Yard Lumber: The grades, sizes, and pattef!lS 
for ordinary construction and general building pur-
poses; less than 5 inches thick. Yard lumber is fur-
ther classified into dimension lumber, common boards, 
and finish lumber. Dimension lumber is nominally 2 
to 5 inches thick. It is uniform in size, and is used 
for light-frame construction; i.e. joists, rafters, and 
studs. Dimension lumber does not carry the stress-
rating which is stamped on structural lumber. Com-
mon boards (or merely "boards") have a nominal 
thickness less than 2 inches. They have square edges 
and commonly are planed on both sides and edges. 
Boards are for general use, such as shelving, siding, 
or rustic paneling. Finish lumber is 4 inches or less 
in thickness. Defects in even the lowest grades nor-
mally can be hidden with a coat of paint. 
Structural Lumber is 2 or more inches in 
nominal thickness and width. It is used for joists 
and planks, beams and stringers, or posts and tim-
bers. With the exception of joists and planks, struc-
tural lumber is at least 5 inches thick or wide, 
nominal. Structural lumber is stress-rated; the 
grade mark stamped on the piece will show the 
kind of wood, its strength value, and the grading 
agency. 
Factory and Shop Lumber is graded according 
to the amount of each piece that is suitable for cut-
tings for doors, sash, foundry patterns, or general 
cut-up purposes. 
Pattern Lumber is special-purpose lumber 
machined from common boards of finish lumber. 
The most-used patterns are described at the right. 
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Pattern Lumber 
Shiplap: For wall and roof sheathing, or low-cost 
siding. 
Has lapped edge. Makes a 
tight joint between boards, 
but not as tight as dressed-
and-matched lumber. 
Dressed-and-Matched (D & M) Lumber: For wall 
and roof sheathing, or where a tight joint is needed 
between boards. When edges are chamfered, it can 
be used as vertical siding. 
Edges are of tongue-and-
groove design. 
Moldings: For concealing joints, thereby giving a 
finished appearance. 
Many patterns. Quarter-
round for baseboards and 
other purposes illustrated. 
Flooring: For finish flooring. 
Made of hardwood and the 
harder species of 
softwoods from 5/16" to 
25/32" thick. Boards with 
vertical grain (quarter-
sawn) cost more than flat-
sawn but they shrink less 
across the boards and wear 
more uniformly. 
Siding: For exterior of buildings. 
DROP SIDING: Has 
~~~i}nii tongue-and-groove edges. 
May also have shiplap 
edges. 
GRADES OF LUMBER 
BEVELED SIDING: 
Wedge-shape with square 
·edges. 
To indicate quality, lumber is inspected and as-
signed a grade. The poorest quality piece permitted 
in each grade is specified in the grading rules of the 
lumber manufacturing association whose grade 
rules include the species. 
Softwood lumber grades are based on a stand-
ard developed by the U. S. Department of Com-
merce. Since each lumber-manufacturing 
association has its own interpretation of the nation-
al grading system, grading terms and standards 
vary. The grade of any one piece of lumber is based 
on either the judgement of the grader as to how the 
piece will be used, or on the reading of a machine 
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that indicated to the grader the bending strength 
and stiffness of the piece. 
Hardwood lumber is graded according to the 
National Hardwood Lumber Association rules. The 
grading process is based on the percentage of 
usable material in each piece. The five basic grades 
are: Firsts and Seconds (PAS), Selects, No. 1 Com-
mon, No.2 Common, and No. 3 Common. 
are called boards. Pieces that have been sawn to a 
nominal thickness of 2 to 4 inches and are more.than 
2 inches wide, and which are intended for use as 
joists, planks, rafters, studs, etc., are classified as 
dimension lumber. Timbers are usually 5 inches or 
more in the least dimension. Timbers are further 
classified as Beams and Stringers, Posts and Tim-
bers, or Square Edge and Sound. 
The charts below are for the grades of softwood 
lumber most commonly used for home construc-
tion. When classified by size, pieces of softwood 
lumber that have been sawn to a nominal thickness 
of less than 2 inches and are 2 inches or more wide 
Because there are several interpretations of the · 
American Softwood Lumber Standard, the grades 
below are in general terms. For details on a specific 
wood, write to the lumber-manufacturing associa-
tion whose grading rules include the species. 
TYPES OF LUMBER 
Boud--------------~ 
Thickness: 1', Jl/4, p!z•l 
Width: 4', 6', 8', 10', 12' 
Stock length: two-foot 
multiples from 6 to 20' 
GRADE 
Select 
Merchantable 
Construction 
Standard 
Utility 
GRADE DESCRIPTION 
Graded on Appeuance 
Suitable for use without waste; grade character-
istics (knots, splits, cross grain, etc.) p~rmitted are 
minor. 
Characteristics are limited to assure serviceability. 
Graded to assure high degree· of service. 
Based on utility instead of appearance. 
USES 
Trim, cabinet work, paneling, shelving, or where 
lumber with finest appearance is important. 
Subfloors, sheathing, siding. 
Used along with construction for general con-
struction. 
Sheathing, roof boards, subfloor; low-cost gen-
eral construction. 
Economy All characteristics which do not interfere with use Temporary construction. 
of full-length piece are permitted. 
or may be designated No. 1, No. 2, No. 3, etc. 
DIMENSION2 
Thickness: 2-4' ~ •select 
Stock length: two-foot mul- Struct. 
tiples from 6 to 20' 
Structural Light Framin •No. 1 
Width : 2-4' •No. 2 
•No. 3 
Light Framin Construction 
Stuu._ _______ -l 
Graded on Strength and Stiffness 
Bending strength of piece is more important than 
stiffness. Graded full length. Bending strength is 
67% of clear, straight-grained wood. 
Bending strength is 55% of clear straight grain. 
Bending strength is 45% of clear straight grain. 
Bending strength is 26% of clear straight grain. 
Provides for general (nonstructural) framing; al-
lows larger knots and more cross grain than Struc-
tural Light Framing. 
Trusses, house framing. 
{ Construction, engineered components where design values are specified. 
General use where utility and appearance are 
more important than strength. 
Width : 2-6' Stud 
Standard 
Utility 
Economy 
Limited to lengths 10 feet and shorter. For studs in load-bearing walls . 
Structural Joists an~•Select Structural 
Planks 
Width: 6' and wider 
Always stress rated •No. 1, 2, 3 
Width : 2' and wider • Appearance 
Appearance Framinl 
TIMBERS 
Lowest quality accepted in most construction. 
Admits all characteristics found in lumber except 
broken ends. 
Stiffness more important than bending strength. 
Exposed uses where knotty lumber of high strength 
and finest appearance is needed. Equivalent to 
No. 1 Structural Light Framing or No. 1 Structural 
Joists and Planks. 
Thickness: Generally 5' and •select Structural Have very high strength and finest appearance. 
more 
Width: Generally 5' and 
more 
•construction 
Standard 
Utility 
For members stressed in bending. 
Ranked slightly below Select Structural grade. 
Not stress rated, but suitable for general construc-
tion 
Stock length: 6' to 20' 
Beams and Stringer 
Thickness: Sometimes in- (or may be designated No. 1, No. 2, No. 3) 
cludes 2 to 4H 
Width : Usually at least 2' 
more than thickness 
Post and Timber.._ __ _ 
Width: Sometimes limited •select Structural 
to not more than 2' •construction 
greater than the thick- Standard 
ness Utility 
Square Edge and Soun~ No. 1 Timbers 
No. 2 Timbers 
No. 3 Timbers 
Graded for strength as a column. Highest strength 
and appearance. 
Not stress rated. 
• Stress rated. Consult "Working Stresses for joists and Rafters" published by National Forest Products Association. 
1 See size chart, page 6, for actual dimensions. 2 See individual grades for width dimensions. 
07.0, Selecting Lumber 
Floor and ceiling joists, decking. 
Trusses, ceiling beams, columns. 
For heavy construction, exposed framing. 
For heavy construction, exposed framing. 
For use where heavy or large sizes are needed, 
but where strength and appearance are not of 
prime importance. 
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GUIDE FOR SELECTING LUMBER 
To order lumber, determine the requirements of the 
job. Write down the thickness, width, and length of 
each piece needed, and the number of pieces of each 
size. Check the chart to determine the minimum 
grade recommended and the kinds of wood that are 
best for each purpose. Better grades than those sug-
gested may be used, but little is gained in efficien-
Wood Use and Paintability Ratings: +++=Best 
++=Better 
+=Usable 
cy for the added cost. Where several species have 
the same rating, choose the cheapest. Species listed 
are the ones commonly used in house construction. 
All may not be available in your community. 
Paintability is not considered in the grading of 
lumber. However, since some woods hold paint bet-
ter than others, the chart includes a paintability 
rating when exterior paint is used. 
Color of Paneling: D = Dark 
M =Medium 
L =Light 
SOFTWOODS HARDWOODS1 
Q 
j;,LJ 
USES, MINIMUM 
" {/) f-1' < GRADES AND {/) ~ ~ ~ CHARACTERISTICS {/) ;J 
{/) 0 OF WOOD SPECIES ri j;,LJ 
~ 1:11: Q Do. e5 ~ ;;... u u 
"'" 
Sills 
Std. or No.2 
Dimension2 +++ +++ ++ 
Joists, rafters + ++ +++ 
trusses according to 
engineering design 
Studs 
Stud + +++ +++ 
Plates 
Std. or No.2 
Dimension + ++ +++ 
Sheathing (wall and 
roof) 
Standard +++ +++ ++3 
Siding +++ +++ + 
Flooring 
Subflooring: ++ +++ +++ 
Standard 
Finish: (See your ++ 
Porch:4 dealer +++ 
for grades) 
Millwork + +++ ++ 
Shelving 
Finish: Const. ++ +++ ++ 
Rough: Utility 
Gates. fence boards ++ +++ +++ 
Posts for fences2 +++ +++ ++ 
Interior Paneling 
Freedom from 
warping +++ ++ ++ 
Amount of grain 
pattern ++ +++ +++ 
Natural heart-
wood color D M M 
PAINTABILITY5 
Exterior) +++ +++ + 
1 See your dealer for recommended grades of hardwoods. 
2 Use pressure-treated woods for species rated ++ and +. 
3 Plywood or reconstituted panels recommended. 
,~ 
z z 
1:11: 
" < j;,LJ ~ z {/) § ~ ~
" ~ {/) ~ 0 j;,LJ 1:11: ~ f-1 j;,LJ ..,;I j;,LJ {/) Q j;,LJ ~ 
:J :J ~ ;;... ~ z ... u u 0 d 
= ~ 9 ~ =- Do. {/) u ~ ~ e5 ~ " z z j;,LJ j;,LJ < ... 
-~ = = ~ 1:1-. Do. 
+ + + ++ + ++ 
++ ++ ++ +++ + +++ 
++ ++ ++ +++ ++ +++ 
++ ++ ++ +++ + +++ 
+++ +++ +++ ++ +++ ++3 
+ + ++ + ++ + 
++ ++ ++ +++ ++ +++ 
++ 
+++ 
+ + + ++ +++ ++ 
++ ++ ++ ++ +++ ++ 
+ + + +++ ++ +++ 
+ ++ + ++ + ++ 
++ ++ ++ ++ +++ ++ 
++ ++ ++ +++ + +++ 
L M L M L L 
++ + ++ + ++ + 
4 Use pressure-treated lumber. 
5 Paintability rating depends on the use of high quality material and the method of application. 
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+++ 
--
+++ ~ ~ 
..,;I 
" Do. 0 ~ < f-1 ~ +++ +++ + +++ ~ ~ :::;J < z u Q ~ >-~ 
" ~ {/) +++ +++ ++ +++ t: < ;J;:a 
= = >o' ~ 
= =- = 
~~ ++ +++ + ++ 
=-
u u o:W ~ $ j;,LJ ~ ~ j;,LJ = ~ ~~ + +++ + + = = u ~ "-
+++ +++ +++ +++ ++ + ++ +++ + ++ 
+ ++ + + +++ ++ ++ ++ +++ +++ 
L D L M L M M D M M 
++ ++ +++ ++ ++ 
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COUNCIL NOTES 
D7.2 STRUCTURAL PANELS 
Introduction 
This publication deals with wood-based, composite 
structural panel materials. A composite product is 
a combination of two or more parts to achieve 
new or unique properties or to meet certain struc-
tural requirements for applications such as floor 
decking and wall and roof sheathing. 
These structural panel products are manufac-
tured in a variety of ways: as laminated veneers 
to produce plywood; as non-veneer structural 
panels from flakes or longer strands; and as com-
posites with particleboard cores and veneer faces. 
Because each panel poduct is made using a dif-
ferent process and different wood components and 
glues, the only way to compare them accurately 
is to describe how they may be used. This infor-
mation is called a performance rating. These ratings 
include the amount of exposure to weather the 
panel will withstand, and the maximum framing 
spacing for various uses. 
There are several types of non-veneer panels 
produced, but not all are designed for structural 
applications. To be classified as structural, the 
binders or adhesives used to manufacture these 
panels must be of an exterior type. Structural 
panels are usually made from large flakes or 
elements, such as wafers and strands. These can 
be compared to non-structural particleboards, made 
from very small chips and flakes, that are used as 
floor underlayment and in furniture. 
The first commercially produced non-veneer 
structural panel was designed for use as floor 
decking for mobile homes and other factory-built 
construction. The newer panels generally use larger 
flakes, bonded with an exterior adhesive, and are 
made mostly for use as floor, wall, and roof 
sheathing in light-frame construction. These newer 
products are gradually replacing plywood for shea-
thing purposes. There are, at present, three types 
of non-veneer structural panel products: wafer-
board, oriented strandboard, and up-graded con-
ventional particleboard. These are marketed under 
various trade names. In addition, Comply® is a 
composite structural panel consisting of veneer 
faces and a core of structural particleboard. 
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PLYWOOD 
Plywood is the best known structural panel. It is 
made with an odd number of layers of wood glued 
together with the grain of the adjacent layers at 
right angles to each other to provide stability and 
to minimize dimensional changes. The grain of 
the outer two plies runs in the same direction. 
Customarily, softwoods have been used in con-
struction plywood; however, some hardwood spe-
cies are now being used. These veneers are peeled 
from the logs. Decorative plywood is usually made 
from hardwood veneers that have been sliced from 
the logs. Such material is seldom used in structural 
applications. 
Structural plywood is made from thin veneers peeled 
from a rotating log by a sharp blade. 
The plywood veneers pass through a glue spreader 
and are stacked in crossed layers. The stack is then 
pressed and heated to cure the glue, and the finished 
sheets trimmed to size. 
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Construction plywood is normally used for 
structural purposes in light-frame building, and is 
also used for cabinet work, furniture, and interior 
paneling. Plywood has traditionally been classified 
as to panel grade and ability to withstand weath-
ering, ~nd manufactured according to U.S. Product 
Standard PS 1-83 for Construction and Industrial 
Plywood. More recently, an alternative classifica-
tion process has been introduced- namely, wood-
based panels performance-rated for specific uses. 
Product Standards 
According to the Product Standard PS 1-83, ply-
wood panels are manufactured to prescribed min-
imum requirements. These pertain to acceptable 
wood species, definition of veneer grades for the 
individual plies, and composition of the individual 
plies in a sheet. The plies or veneers are qualified 
by the grade of the veneer with N (best), A, B, C, 
and D (poorest). N-grade is a special-order veneer 
where a natural finish is to be used. An A-A grade 
sheet would have both faces of A-quality; in C-D 
grade, one face is of e-quality and the other of 
D-quality. Only minor surface defects and limited 
patches are permitted in A-quality, and the face is 
sanded. Grade B allows some appearance defects 
and permits more patching than grade A. Grades 
C and D permit knots, knotholes, and splits, with 
larger defects allowed in the D grade. A special 
C-grade plywood is produced that has the surface 
defects repaired for use as underlayment. 
The interior plies may be of any grade, al-
though Dis commonly used for the inner plies of 
interior-type plywood. The lowest grade permitted 
in exterior-type plywood is C, and defects in the 
inner plies of marine plywood for boat hulls must 
The grain of successive plies in plywood is at right 
angles to the adjacent ply, except in the case of four-
ply, where the grain of the center two plies runs in 
the same direction and across that of the face plies. 
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be patched and repaired. The end use of the 
plywood will determine the selection of the proper 
grade. Grade A-A might be selected where· ap-
pearance is a factor and it is desirable that both 
outer plies be free of unrepaired defects, as for 
boat hulls, cabinet doors, or decorative use. At the 
other end of the scale, C-D grade plywood, for 
example, is manufactured with exterior adhesives 
and is used for wall and roof sheathing. It also 
may be pressure-treated with preservative chem-
icals for use in wood foundations. 
Southern pine is a very common plywood 
veneer, especially in the eastern part of the country. 
Other species used include Douglas fir, Western 
larch, Western hemlock, Sitka spruce, commercial 
white firs, Alaska and Port Orford cedar, California 
redwood, and, more recently, yellow poplar and 
sweetgum. 
Plywood panels manufactured under PS 1-83 
may be span-rated in accordance with prescriptive 
requirements, or on the basis of performance tests 
similar to those described below. 
Performance-Rated Panels 
The newer performance standards set require-
ments that a panel must satisfy to be approved 
for a specific use. The method of manufacture is 
not specified, but the panel is made to meet a 
specific set of requirements. The American Ply-
wood Association has developed performance 
standards to qualify wood-based panels for use as 
roof and wall sheathing, subfloor, and combination 
subfloor and underlayment. As the standard is 
now written, the requirements and test methods 
are the same for nearly all types of panels, both 
plywood and non-veneer. 
From a group of panels submitted by the 
manufacturer, the certifying agency selects and 
tests several for structural strength. This includes 
the ability to support uniform, concentrated, and 
impact loads, and the ability to hold fasteners. 
Based on the test results, a span rating is assigned 
to that panel. A number such as 24/16 on the 
panel indicates that when used as roof sheathing, 
the framing should be no more than 24 inches on 
center, and if used for subfloor, the framing or 
supports should be no more than 16 inches on 
center. At the same time, samples are laboratory-
tested for certain properties that can be used for 
quality control in the manufacturing process. 
The testing methods used are a combination 
of ASTM standard tests and specialized tests de-
veloped by APA. These tests are detailed in NRB 
Report 108 of the National Evaluation Service to 
the Council of American Building Officials. There-
fore, plywood panels manufactured under this 
standard and carrying the APA trademark are 
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recognized by the three major building code or-
ganizations: Building Officials and Code Admin-
istrators International (BOCA), International Con-
ference of Building Officials (ICBO), and Southern 
Building Code Congress International (SBCC). 
Size 
Structural plywood is most readily available in 
panels 48" wide and 96" long. Other lengths and 
widths are produced, but are not regularly stocked 
by most lumberyards. Plywood is also produced 
with tongue-and-grooved edges, especially for use 
as a combination subfloor and underlayment. 
Thickness 
Structural plywood is manufactured in thicknesses 
of %"to 11/s". Until recently, thickness varied over 
this range by lfs" increments; however, three new 
"..;...;;;;..~.--APA-­
ABC LUMBER CO. 
RAteosHEATHINc 
STRUCTURAL I 
48/24 3/4 INCH 
SIZED FOR SPACING 
EXTERIOR 
---000---
PS 1-83 C-C NRB-108 
The grade stamps on the structural panels indicate 
their strength and use. The stamp on the right in-
dicates that it can be used as roof sheathing with 
framing spaced 48" on center or as subfloor with 
framing spaced 24" on center, and that the sheet has 
been sized to allow for spacing between sheets. The 
stamp on the left indicates a product that has been 
pressure-treated with preservatives suitable for use 
in wood foundation systems. 
Products with tongue-and-groove edges are often 
used for subflooring, since there is continuous sup-
port far the edges of the sheets. 
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panel thicknesses, 1%2", 1%/, and 2%2" have been 
added. Structural plywood was originally pro-
duced with five plies for the common thicknesses; 
however, there are mills producing 1/2" and 5/s" 
plywood with three plies or with two plies in the 
core running in the same direction (four-ply). 
Durability 
All plywood and other wood-based structural 
panels, which will be discussed later, are classified 
according to durability or exposure to weather or 
moisture. Plywood can be manufactured either 
according to U. S. Product Standard PS 1-83 or 
the performance standards developed by the 
American Plywood Association. The exposure clas-
sifications used with each manufacturing standard 
are discussed briefly in the following sections. 
PS 1-83. The traditional way of indicating the 
resistance of plywood to moisture is to separate it 
into two types - interior and exterior. The speci-
fication for exterior-type plywood requires that all 
glue lines be 100% waterproof (phenolic or resor-
cinol adhesive) and that all plies be of C-grade or 
better. Marine plywood is an upgraded exterior-
type panel with additional limitations on species 
of wood and manufacturing details. 
Interior-type plywood may be bonded with 
partially water-soluble adhesives, which will de-
teriorate or dissolve from exposure to excessive 
moisture or water. It is used in protected areas 
such as paneling and cabinets. 
The common CDX plywood is a combination 
of both types. It is manufactured with one face 
ply of C-grade veneer and the remaining plies of 
D-grade. Since it has aD face, it must be classified 
as an interior-type panel. However, it is made with 
a waterproof adhesive. It is widely used for wall 
and roof sheathing and as a general utility material. 
Performance-Rated. Performance-rated panels 
can be manufactured to meet one of four exposure 
durability classifications: Exterior; Exposure 1; Ex-
posure 2; and Interior. Exterior is used where there 
is permanent exposure to moisture or weather. 
Exposure 1 is used where long construction delays 
may occur, such as where the subfloor is exposed 
to the weather before the ro<rl is constructed. 
Exposure 2 indicates plywood that has been made 
with an intermediate-type adhesive, and is used 
where moderate construction delays are expected 
or where there is occasional exposure to high 
humidity or water leakage. Interior classification is 
for panels manufactured with water-soluble glue 
and intended for interior applications only. 
Exterior panels in both manufacturing stan-
dards are equivalent. Exposure 1 is equivalent in 
durability to the common CDX plywood panel. 
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Treated Plywood 
To date, plywood is the only structural panel 
authorized to be pressure-treated with fire-retar-
dant or preservative chemicals. For either treat-
ment, the panels must be identified with the proper 
labeling and be either Exterior- or Exposure 1-
type. Plywood treated with fire-retardants should 
be re-dried to an average moisture content of 15%. 
Plywood treated with water-borne preservatives 
should be re-dried to a maximum moisture content 
of 18%. 
NON-VENEER STRUCTURAL PANELS 
Any panel product made of wood particles whose 
primary function is to safely withstand design 
loads over the life of the structure is considered 
to be a non-veneer structural panel. Structural 
panels of several types have recently become com-
mon in light-frame construction, primarily as 
subfloor and as wall and roof sheathing. The 
development of structural panels as an alternative 
to plywood is the result of several factors. One is 
the reduced availability of the type and species of 
logs desirable for making plywood. The old-growth, 
large logs used in the past are rare, and the logs 
now being harvested are smaller, coming from 
second- and third-growth trees. The higher price 
of the desirable logs, plus the fact that non-veneer 
structural panels can be made from species for 
which there is low demand, such as spruce and 
aspen, has made them price-competitive. Non-
veneer panels also require less skilled labor to 
make and are manufactured closer to the point of 
use, reducing transportation costs. 
Wafer board 
Waferboard is a structural panel product designed 
to be used in sheathing and general utility appli-
cations. Its only similarity to plywood is its sheet 
size and thickness. It has no veneer skins, but 
usually is made of aspen flakes which range in 
size from 11/s" to 3", and are essentially rectangular 
in shape. The flakes are bonded with powdered 
phenolic resins and the assembly is formed in a 
heated press to the desired thickness. The flakes 
are randomly placed in the panel. Waferboard can 
be manufactured in sizes up to 8' by 24', and with 
tongue-and-groove edges. It is produced in thick-
nesses from%" to%". Some panels have a rough-
ened surface for increased traction for carpenters 
working on steep roofs. Waferboard has less bend-
ing strength and stiffness than plywood, but it is 
being widely used in the United States and Canada 
as a sheathing material, with~/ waferboard being 
substituted for 3/s" plywood. 
D7.2 Structural Panels 
Waferboard is made of thin wood flakes in a random 
pattern, with a resin binder. It has about the same 
strength in all directions. 
Oriented Strand Board 
Oriented strand board (OSB) was developed to 
produce a composite panel with increased strength 
and stiffness. Particles used to make this panel are 
long and narrow (nominally, at least twice as long 
as wide) and are produced by slicing the wood 
across the grain. The strands are 2-3" long and 
1/4" to lh" wide. These strands are placed in layers 
in the panel, with the outer layers running essen-
tially parallel to the length of the panel, similar 
to the grain of the outer plies of plywood, and 
the inner layer crosswise. One major manufacturer 
does not cross-align the strands in the core layer. 
The strands are bonded with liquid phenolic resin 
and are hot-pressed to form the panel. The align-
ment of strands in a given layer increases the 
Oriented strand board is made with longer, narrow 
wood chips. It is formed in layers, with the strands 
running approximately the direction of the length of 
the sheet at both surfaces and at right angles in the 
middle of the sheet. The panel is about twice as 
strong in bending along the length of the sheet and 
about the same along the width of the sheet as 
wafer board. 
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Comply® is a structural panel made with a wood 
veneer on both surfaces and a particleboard core. 
strength, stiffness, and dimensional stability in the 
direction of the orientation. OSB is made in thick-
nesses from 1/4" to 3,4". OSB is about twice as stiff 
in bending in the direction of the length of the 
panel and about the same in properties in the 
width direction as waferboard of the same density 
and thickness. The strength and stiffness properties 
are nearly the same as a plywood panel of the 
same thickness. 
Recently, some waferboard manufacturers have 
developed a way to align specialized wafers, re-
sulting in an oriented strandboard composition. 
Such products are marketed as oriented wafer-
board. 
COMPLY® 
Comply is a structural panel made with single 
layers of veneer, resin-bonded to the outer surfaces 
of a non-veneer core. It has the advantage of 
stretching the supply of veneer-grade materials in 
areas where plywood is made. There are at least 
two processes used to manufacture this panel. One 
is to produce the core in one operation, and bond 
the veneer faces to it in a separate operation. The 
Particleboard is formed of relatively small chips and 
strands of wood, bonded with resin. It has equal 
strength in both directions. 
other process produces the panel by placing the 
resin-coated particles on the bottom veneer, cov-
ering them with the top veneer, and hot-pressing 
the panel in one operation. 
Building Code Acceptance 
To obtain building code approval, plywood is 
manufactured according to U.S. Product Standard 
1-83 or the performance standards developed by 
the American Plywood Association. For non-ve-
neer structural panels, code approval has been on 
a company by company or proprietary basis, or, 
to an increasing extent, by the performance stan-
dards route administered by APA or other certi-
fying agencies. 
Allowable stresses for plywood manufactured 
according to PS 1-83 are available in the Plywood 
Design Specification published by the American 
Plywood Association. However, allowable stresses 
are seldom available for non-veneer structural 
panels. The table shows a comparison between 
panel products as found in building codes for roof, 
wall, and floor sheathing. 
ALLOWABLE SPANS FOR STRUCTURAL PANELS 
Material 
Plywood 
Comply 
Wafer board 
Oriented Strand 
Board 
Wall Sheathing 
studs 16" o.c. 
!}i/ 
3/s" 
3/s" 
3/s" 
Roof Sheathing 
framing 24" o.c. Subfloor 
edge support no edge support joists 16" o.c. 
3/s" 1/2" 1/2" 
3/s" 1/2" 1/2" 
~/' ~/ Sfa"* 
%" ~/ ~6, 
• One manufacturer has received approval for 1h" and another at 2~2" . 
•• Not applicable for all waferboard applications. 
Subfloor-
Underlayment 
joists 24" o.c. 
%" 
%" 
%"** 
%" 
Note: These panel thicknesses are for comparison purposes only, and are not applicable to all panel products. of the same type. 
Oriented strand board, waferboard, and Comply are made to different engineering standards by various manufacturers; therefore, 
span capabilities may vary. Panels which have been tested, and which have code approval, will carry the APA stamp which gives 
the correct span information for that specific product. 
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SPECIAL PANELS 
A number of specialty panels are manufactured 
that have the structural properties discussed pre-
viously but they have been modified for appear-
ance or finishing. Several panel products have 
been grooved or otherwise decorated for use as a 
combination sheathing-siding material. Type 303 
plywood is available with a number of surface 
finishes, including rough-sawn, kerfed rough-sawn, 
brushed, Texture 1-11, and reverse board-and-
batten. These panels are best adapted to stain 
finishes. 
Most structural panel types are available with 
a medium-density overlay, which is a resin-im-
pregnated fiber sheet, glued to one or both faces. 
Overlaid panels are intended to be painted with 
any high-quality exterior house paint system. 
High-density overlaid panels are also available 
for special uses, such as reusable concrete forms. 
D7.2 Structural Panels 
Texture 
1-11 
brushed 
rough-
sawn 
USE AND INSTALLATION 
Because the new requirements include end-use 
specifications, the rating numbers stamped on the 
panel which indicate the maximum spacing of the 
framing should be checked. For example, a rating 
of 32/16 would indicate that for use as roof 
sheathing, the rafters or trusses should be no more 
than 32" on center, and if used for subfloor, the 
joists should be no more than 16" on center. Except 
for wall sheathing, the long dimension should be 
perpendicular to the framing. 
The specifications include a gap at the ends 
and edges of the panel to allow for expansion, 
unless recommended otherwise by the manufac-
turer. For example, if used for roof sheathing, a 
gap of 1/a" should be left at the ends and lf•" at 
the sides of each panel. Panels marked sized for 
spacing are available with an actual measurement 
less than 48" by 96" to permit this spacing on 
kerfed 
rough-
sawn 
reverse 
board 
and 
batten 
overlaid 
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If panels are not spaced at the joints, an increase in 
humidity or other moisture problem will cause the 
sheets to expand and buckle between framing mem-
bers or even pull nails and raise off the framing. 
For both roof sheathing and subfloor, the joints be-
tween panels should be staggered, and the required 
spacing left between sheets. Edge clips can be used 
to provide support between framing members. 
standard framing without cutting the panels. The 
spacing for a combination subfloor-underlayment 
or combination sheathing-siding panel should be 
1/s" at both the ends and edges. 
Some panels require edge support such as clips 
or blocking. For the application of a single deck 
(combination subfloor-underlayment), the edges 
are usually tongue-and-grooved. 
STORAGE 
In storing any panel product, care should be taken 
to prevent damage from moisture and rain. If 
necessary, panels which are to be kept for only a 
few days before use can be stored outdoors if a 
good protective covering, such as polyethylene 
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film, tarpaulin, or other waterproof material is 
used. The stack of panels should be loosely wrapped 
to prevent moisture condensation under the cover. 
Panels to be stored for a long period should be 
stacked flat inside a dry, covered storage area. 
FINISHING 
Since all panel products tend to be more absorbent 
at the edges, all edges of the panels should be 
sealed to minimize possible moisture damage. Both 
blind and exposed edges should be sealed. Sealing 
is easiest while the panels are stacked. Panels cut 
during construction should be resealed. 
Panels to be painted or those to be concealed, 
such as sheathing, should be edge-sealed with a 
liberal brush coat of exterior house paint primer. 
In the case of textured panels to be stained, a 
liberal coat of water-repellant preservative that is 
compatible with the final finish should be applied. 
Horizontal edges, particularly lower drip edges of 
siding, should be given special care. 
Face-checking of plywood can be expected 
when stains or natural finishes are used. Checking 
affects the appearance but not the bond or struc-
tural strength of the panel. More frequent staining 
will reduce the amount of checking but not elim-
inate it. If the panels are to be painted, using a 
medium-density overlaid panel is often less ex-
pensive than taking the precautions required to 
prevent checking. 
Semi-transparent stains emphasize the grain 
pattern, texture, and natural characteristics in the 
panels. They will do little to hide defects or repairs 
in the surface, so they should be used only on 
panels designed for a stained finish. Any semi-
transparent finish should be tested on a repre-
sentative sample of the panels to demonstrate the 
color contrasting characteristics and the finished 
appearance. The American Plywood Association 
recommends only oil-based semi-transparent stains. 
Solid-color or heavy-bodied stains work well 
on most siding products. They tend to hide surface 
repairs and the color differences in the wood. 
Surfaces that have been repaired with plastic 
patching compound may not take any stain uni-
formly because the patch is not as porous as the 
wood in the panel face. Opaque stains tend to 
minimize the grain pattern but retain the surface 
texture of the product. They generally are more 
durable than semi-transparent stains. 
If paint is used on structural panels, an all-
acrylic latex paint system consisting of at least one 
stain-blocking prime coat and a companion top 
coat is recommended by the APA. Some paint 
systems use two coats of a stain-blocking primer 
or an oil or alkyd primer on those woods that tend 
to bleed extractives, such as redwood. 
University of Ill inois SHC-BRC 
COUNCIL NOTES 
D7 .3 PRESSURE TREATED WOOD 
IN RESIDENTIAL CONSTRUCTION 
Because wood is a prime construction material, it 
has been used for centuries to build homes. With 
present-day designs and construction methods, an 
average frame home will require nearly ten thou-
sand board feet of lumber and five thousand square 
feet of plywood and panelboards. Forests are one 
of the few renewable resources on earth, and, 
with proper conservation and harvesting practices, 
they will continue to provide an adequate supply 
of lumber products for homes of the future. 
Unfortunately, fungi and insects attack wood. 
These wood destroyers are useful in the forest, 
where they return dead or dying trees to the soil, 
but they have no place in homes. Two of the most 
notable insects are termites and powder-post bee-
tles, both of which obtain their food from wood, 
which also shelters them. 
There are several wood-rotting fungi, all of 
which belong to the plant kingdom. Each species, 
however, requires moisture, food (untreated wood), 
a suitable temperature, and oxygen (air). By con-
trolling one or more of these requirements, fungi 
cannot survive. The most practical approach is to 
poison their food supply by treating the wood 
with a preservative. 
Wood Durability 
There are a few commercially available species of 
wood with some natural resistance to decay and 
insects, namely cedar, redwood, and cypress (sel-
dom available). The heartwood of these species 
contains natural chemicals (extractives) which make 
the wood somewhat resistant to decay; however, 
the sapwood is not durable under conditions favorable 
to decay and insects. Even though the heartwood 
may be more resistant, it too can be destroyed if 
placed in locations of severe service or high mois-
ture conditions. 
In most parts of the home, just keeping the 
wood dry will keep it from rotting. (There is no 
such thing as dry rot - all decay organisms 
require moisture.) However, certain design and 
construction practices present an opportunity for 
decay and insect infestation. Wood used in those 
parts of the house susceptible to attack should be 
preservative-treated for long-term durability. 
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Chemical Treatment 
The most effective method of applying the pre-
servative chemicals is pressure treatment, which 
requires expensive equipment and must be done 
at a factory. Other methods of superficial treatment 
are possible, such as hot and cold bath, cold 
soaking, and brush or spray applications: all of 
these methods are ineffective where permanent or 
long-lasting protection is desired. 
Pressure treatment, which is the most effective 
treatment, forces the liquid chemical deep into the 
wood, giving better distribution throughout the 
piece, although it still may not saturate the center 
in some species of wood. For this reason, all cut 
ends, bored holes, etc., should be given two or 
three brush or spray coats of preservative to cover 
any untreated areas which might be exposed. 
The least effective method of treatment is 
brushing or spraying the wood with chemicals. 
Only a thin surface layer is saturated, and the 
penetration of the chemicals into the wood is 
inadequate for long-term protection. The treatment 
does, however, give some surface resistance to 
decay, and it can slightly inhibit some insect activity 
when the wood is used above-ground. Unfortu-
nately, it offers very little protection against termite 
attack. See F2.5, Termite Control. 
Preservative Chemicals 
Although pressure-treated wood has been used 
successfully for utility poles, railroad ties, mine 
timbers, wood bridges, farm structures, pilings, 
and highway guardrails, only within the last dec-
ade has treated lumber and plywood entered the 
field of residential construction. 
These preservatives have been field tested and 
are approved by the American Wood Preservers 
Tree Cross-section: Heartwood is generally more resistant 
to decay than sapwood; sapwood accepts chemical treatment 
more readily. 
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PRESERVATIVES AND PROPERTIES OF PRESSURE-TREATED WOOD 
odor of paintability. of 
Ereservative color treated wood treated wood 
Creosote dark brown to black strong aromatic no 
Pentachlorophenol almost colorless to same as odor of depends on type 
dark brown solvent of solvent 
(solvent color) 
Q) Acid Copper Chromate (ACC) yellowish-green slight yes, if wood is dry 
:0 
::s Ammoniacal Copper Arsenate (ACA) yellowish-green slight yes, if wood is dry 
0 Chromated Copper Arsenate (CCA) brownish-green slight yes, if wood is dry 
'f 
a.. (Types A, B, and C) 
Q) Chromated Zinc Chloride (CZC) brownish-green slight yes, if wood is dry 1C 
~ Fluor Chrome Arsenate Phenol (FCAP) yellowish -brown slight yes, if wood is dry 
Association. Wood that has been commercially 
pressure-treated with one of these preservatives is 
available from some local building material dealers. 
(The color used to indicate pressure-treated wood 
in this circular is for illustration purposes only. 
Pressure-treated wood may range in color from 
blackish-brown to very light green or it may even 
be unnoticeable.) There are several preservative 
chemicals comonly used to treat wood. 
Creosote: Creosote is a mixture of compounds 
that come from the distillation of coal tar. It has 
been used with good results for farm structures, 
railroad ties, utility poles, and for marine struc-
tures, but it has very limited use around the house. 
It is not recommended for any part of a house, 
garage, or garden structure because of a long-
lasting objectionable odor. It can be used for fence 
posts and rustic fencing, but it cannot be painted 
successfully, and creosote may bubble to the sur-
face in hot weather. Do not use it where its odor 
would be objectionable. 
Pentachlorophenol (penta): A toxic chemical that 
is dissolved in oil. The solvent may be a "light" 
oil, similar to kerosene or mineral spirits (paint 
thinner), or it may be a "heavy" solvent with the 
consistency of salad oil. Wood that has been treated 
with a solution made with a light solvent such as 
mineral spirits will be discolored only slightly. If 
the treated wood is allowed to "season;' so that 
the solvent can evaporate, the wood can then be 
painted or stained. 
Penta-treated wood is not recommended for 
use in and around the house. 
Water-Soluble Preservatives: The table above lists 
five commonly used water-soluble preservatives, 
which are made of mixtures of chemicals that are 
sold under various trade names. After treatment 
with a water-borne preservative, the wood should 
be redried to a moisture content of 19% or less, 
unless it is to be used in contact with the soil. 
Wood treated with these preservatives can be used 
whenever relatively clear, odorless, or paintable 
surfaces are desired. 
07.3 Pressure-Treated Wood 
Construction Practices 
There are specific parts of the home where pres-
sure-treated wood should be used to increase the 
service life of the structure. The initial cost of 
construction is increased; however, the cost per 
year of service is reduced, and costly repairs are 
practically eliminated. Always use pressure-treated 
wood when it will be placed in contact with 
concrete, soil, gravel, or water. Use pressure-treated 
wood for framing that may be subject to wetting 
either by rain or by water dripping from pipes or 
plumbing, or where a high relative humidity is 
likely to occur frequently. Use it where sill plates 
are to be less than 8 inches above the soil, where 
non-durable wood siding is to be less than 6 inches 
above the soil, or where joists and subfloor mem-
bers are to be less than 18 inches above the soil 
in crawl-space construction. 
When a piece of pressure-treated wood must 
be cut, bored, or notched, the surfaces exposed 
should be coated with several liberal applications 
of a preservative solution. Copper napthenate is 
the only solution now approved for this purpose. 
Preservative-treated wood should never be 
burned, because the heat will vaporize the arsenic 
compounds, producing a toxic smoke. Scraps should 
be buried or sent to a landfill. 
It is considered poor practice to place untreated 
wood members at or below the grade line, espe-
cially in brick-veneer construction. 
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Slab Construction A and B 
Concrete slabs are often built with a screed plate 
around the edge of the slab as a nailer for the 
outside wall. Because the wood is in direct contact 
with concrete, pressure-treated wood is recom-
mended. Any cuts or drilled holes in the treated 
wood should get two or three liberal applications 
of a preservative solution. 
Sill Plates C 
Sill plates, which are attached to the foundation 
and support the floor joists and band joist, should 
be of treated wood, particularly if the foundation 
is of hollow masonry. Moisture and termites can 
move up through the cavities, exposing the sill to 
decay and termite attack. 
Additional termite protection can be obtained 
by filling the cavities of the masonry with sand, 
and then treating the sand with a soil poisoning 
chemical before the sill is installed (see SHC-BRC 
F2.5, Termite Control). 
Wall Sill Plates D 
Most frame garages or equipment storage struc-
tures are built with the wall extending nearly to 
the ground. The sill or bottom plates of the wall 
often rest on hollow masonry blocks, on the edge 
of a concrete slab, or worst of all, directly on 
compacted soil. Since there is a good chance of 
water coming in contact with the wood sill plates, 
pressure-treated wood should be used. 
Piers and Columns E 
In some areas of the country, builders prefer to 
use wood columns or piers to support the floor 
beams in crawl-space or basement construction. 
Wood columns/piers should be pressure-treated, 
even if they are to be imbedded in or will rest 
upon concrete. 
Below-Grade Partition Plates F 
Bi-level houses and many apartment buildings are 
constructed with the first floor below grade. When 
wood-frame partitions are used, the plates will be 
in contact with the concrete slab and should be 
of pressure-treated wood. The same is true of 
basement partitions or load-bearing walls. 
Often, water entrapped in the basement area 
during construction is absorbed by these plates. If 
the wall is covered before the plates dry out, the 
wood remains damp for a long time, and decay 
can develop. 
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Concrete Poured Against Wood G 
When a concrete slab for a walk, patio, or porch 
is placed along an exterior wall, pressure-treated 
wood should be used for the band joist as well as 
the sill plate. Otherwise, water that finds its way 
between the slab and band joist will cause decay. 
A metal flashing should also be installed between 
the concrete and the wood to prevent the water 
from entering the structure. 
Converting a Concrete Slab to a Wood Floor H 
To convert a garage or concrete slab porch to a 
living area, it is sometimes desirable to install a 
wood floor. Pressure-treated lumber should be 
used for sleepers since they will be in contact with 
the concrete (see SHC-BRC Technical Note #4, 
Converting a Concrete Slab to a Wood Subfloor). The 
treated sleepers should be set in mastic and fas-
tened to the slab with concrete nails. A vapor 
barrier is placed over the sleepers and the subfloor 
nailed to the sleepers. 
Basement Furring Strips I 
It is good practice to use treated wood for furring 
strips when applying an interior finish to a base-
ment wall. The treated wood resists moisture which 
may pass through the wall and termite infestation 
through wall cracks. 
Millwork Below Grade J 
Pressure-treated millwork should be used for ex-
terior doors or windows leading to a basement or 
room below grade. If wood steps are used, they 
should be built of pressure-treated wood even if 
the entry is concrete. 
D7.3 Pressure-Treated Wood 
I 
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Porches and Wooden Steps 
If porches or exterior wooden steps are added to 
the house, use pressure-treated columns and sup-
port beams, especially if they are to be in or near 
the soil. If the flooring is to be exposed to the 
weather, make it of pressure-treated wood. The 
areas of contact with adjoining members trap 
water, leading to decay. In exterior wood steps, 
water can become entrapped where the steps join 
the side rails (stringers), with decay eventually 
resulting. Termites can also enter the framing of 
the house through untreated wood steps. 
Fences 
Many termite infestations start in yard fences 
where untreated wood posts are used or where 
other parts of the fence are in contact with the 
soil. Decay develops in the posts, rails, and slots. 
Long-lasting fences can be built by using pressure-
treat~d wood for both the posts and the rails. Lot-
line fences, which might be attached to the house 
or garage, or privacy fences in apartment com-
plexes, are examples. It is also good practice to 
use pressure-treated wood for all outdoor garden 
and landscape projects. Be sure to use wood treated 
with water-soluble preservatives, since wood 
treated with penta or creosote may harm plants 
that contact it. 
Outdoor Furniture 
Many pieces of picnic and outdoor wood furniture 
are left exposed to the elements throughout their 
service life. Because picnic tables are usually in 
contact with soil, sod, or concrete and/ or exposed 
to the weather, good practice indicates pressure-
treated wood or heartwood of one of the durable 
species listed previously. Penta and creosote are 
not recommended. 
Concrete Patios 
Concrete patios are often built with lumber frames 
or divider strips between blocks that form squares 
or rectangular shapes. Because the wood will be 
in direct contact with both the concrete and the 
sand, gravel, or soil beneath it, use pressure-treated 
wood for the dividers or screeds. 
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POLE-FRAME HOUSES 
Pole-frame houses have become popular in some 
areas of the country, usually as an outgrowth of 
pole-type construction used for farm buildings. 
They are also built in areas where unusually high 
winds or hurricanes are common. The poles not 
only tie all parts of the house to the ground but 
also allow winds and floods to pass around and 
under the structure, resulting in less damage. This 
system of construction may be advantageous on 
hillsides or rough terrain (see SHC-BRC Technical 
Note #7, Applications of Treated Poles and Posts for 
House Construction). 
The basic framing members for the pole house 
are the pressure-treated wood poles or squared 
posts. These "construction poles" have special 
structural quality requirements more restrictive than 
those commonly applied to utility poles. 
WOOD FOUNDATIONS 
A recent development is the construction of pres-
sure-treated wood foundations for houses. The 
wood foundation can be built in weather too cold 
to place and cure concrete. Little or no concrete is 
required unless the house is to have a basement. 
The basement floor is then placed after the house 
has been enclosed but before the foundation is 
backfilled. Basement floors may also be constructed 
of pressure-treated wood, eliminating the need for 
concrete during construction. 
The pressure-treated wood used should carry 
a recognized quality-mark stamp indicating that 
the material has been treated in conformance with 
the respective quality-control standards to provide 
protection against decay and insect attack. A typ-
ical foundation grade stamp is shown below. 
D7.3 Pressure-Treated Wood 
Treated foundation materials are generally not 
available as stocked items in lumber or building-
supply yards, and, therefore, must be specially 
ordered. For further information refer to the Per-
manent Wood Foundation System Design, Fabrication, 
and Installation Manual, National Forest Products 
Association; the Quality Control Program Manual, 
American Wood Preservers Bureau; and The Qual-
ity Control Procedure Manual, American Wood In-
spection Agency; and The American Wood Pres-
ervers Institute. 
ABC LUMBER CO. 
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PRESERVATIVE TREATMENTS 
use o'-e '!1..7i- c., c.,'t-' (.,c.,'t-' c.,1;(., ~(.,~ AWPA 
product location 
preservatives ~'teo'IJ ~e~ 't-'C ~ specification 
Lumber above ground • • • • • • • Lumber in soil or concrete • • • • • NR NR C2 Building poles soil contact • • • • • NR NR C2 Sawn posts soil contact • • • • • NR NR C23 Plywood soil, concrete, • • • • • NR NR C16 
or water contact C9 
Millwork no soil contact NR • • • • • • Permanent wood soil contact NR NR NR • • NR NR C16 foundation material C2, C9* 
*Minimum retention for both lumber and plywood is 0.60 pounds per cubic foot 
NR = not recommended 
FIRE-RETARDANT TREATMENTS 
Lumber and Plywood 
Most building codes severely restrict the use of 
combustible materials in the construction of nurs-
ing homes, schools, and other types of public 
buildings. Lumber and plywood can be pressure-
treated with fire-retardant chemicals, making it 
acceptable as a "non-combustible" material. FRT 
lumber is used primarily for non-load-bearing 
walls and for roof construction. Most FRT materials 
are for interior use only. 
Fire-retardant chemical treatments do not fully 
protect the wood against decay and termite attack, 
but they do reduce flame spread and will extin-
guish glowing combustion when the source of 
flame is removed. The treatment does reduce the 
strength of the wood about 10% after redrying. 
For further details, see AWPA Standard C20 for 
lumber and C27 for plywood. 
The original fire-retardant treatments were de-
signed for interior use only. They used inorganic 
salts in various proportions. However, under con-
ditions of high humidity, these salts could cause 
corrosion of fasteners, such as nails and truss 
plates. Several new formulations have been intro-
duced that are advertised to be no more corrosive 
than untreated wood at 95% humidity. In addition, 
at least two types of fire-retardant treatments have 
been developed for use in treating shingles, shakes, 
and lumber exposed to the weather. These pro-
prietary treatments are generally phenolic resins, 
made insoluble by the heat during the redrying 
process. 
Shingles and Shakes 
Untreated wood shingles and shakes are highly 
combustible. Shingles and shakes can be ordered 
with an exterior fire-retardant treatment. The Un-
derwriters Laboratories have awarded a Class C 
rating or a Class B rating when additional special 
sheathing construction is used. 
Class C coverings are effective against light 
fire exposures. They are not readily flammable, 
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afford a slight degree of fire protection, and may 
require occasional repairs or renewals to maintain 
their fire-resisting properties. Class B includes cov-
erings that are effective against moderate fire ex-
posures. Under such exposure, they are not readily 
flammable, do not carry fire, afford a moderate 
degree of fire protection to the roof deck, do not 
slip from position, possess no flying-brand hazard, 
but may require infrequent repairs to maintain 
their fire-resisting properties. 
SOURCES OF TREATED MATERIALS 
Since every type of treated material is not available 
at all supply locations, it is recommended that the 
material order include specifications for the type 
of treatment needed for the intended use. Do not 
just specify "treated wood." Some treatments are 
intended for soil contact, whereas others are for 
less severe conditions. Some treated material may 
be identified with an association grade mark. Al-
though most chemicals color the wood, not all 
colored wood is treated with preservative chemi-
cals. The best guarantee is to buy from a reputable 
dealer. 
The recommended preservative retention rates 
for above-ground use is 0.25 pounds per cubic 
foot (pcf) of wood for ACA, CCA, and ACC. For 
contact with soil or fresh water, the retention rate 
for ACA and CCA should be 0.40 pcf and 0.50 
pcf for ACC. To receive the FDN stamp for wood 
foundations, the retention of ACA or CCA must 
be 0.60 pcf. 
Farm supply yards have stocked treated wood 
items such as fence posts, poles, timber, and lumber 
for years, but demand has not been enough to 
warrant stocking them in volume. However, with 
expanded use for residential construction, treated 
wood products are becoming more readily avail-
able, partly because of the development of quality 
standards by the American Wood Preservers Bu-
reau. These standards specify the chemicals in the 
wood and are verified by the presence of the 
AWPB grade mark. 
University of Illinois 

BASEMENT CONSTRUCTION 
Basement walls are designed so that they will 
safely support the load of the house above them 
and to resist the forces of the earth outside the 
basement. Depending on the type of soil, the hori-
zontal force produced by the earth may be very 
high. In areas where the soil is primarily heavy 
clays, an investigation by a soils engineer may be 
needed. In areas where the water table is constant-
ly high (above the proposed basement floor), a 
basement may not be advisable. 
Concrete Masonry Foundation Walls 
Concrete masonry has been used extensively in 
residential buildings. Experience has established 
minimum thicknesses and support require-
ments. These are shown in the table. The maxi-
mum wall heights and depths below grade are 
based on the assumption that the wall will have 
horizontal support from the first floor at the top 
and the footing or basement floor at the bottom, 
and that the wall will be about 20 feet long. For 
longer or deeper walls, a structural analysis may 
be necessary and additional reinforcement by 
crosswalls or pilasters should be considered. 
Pilasters are thickened wall sections which are 
often used to support heavy loads, such as beam 
ends, or to provide additional support to the 
basement walls. The pilaster may be built of 
hollow or solid masonry units, filled-cell hollow 
units, or reinforced, filled-cell hollow units. The 
type of pilaster used depends upon the loads that 
it must carry and the amount of support needed 
for the basement wall. The pilasters are generally 
formed from 8 x 16 masonry units and are spaced 
at 13'-4" intervals. 
Concrete masonry walls can be strengthened 
by placing steel reinforcing bars and a concrete 
grout or fill in the block cores . Reinforced walls 
may be needed in cases where there are unusually 
heavy loads, deep walls, wet or heavy clay soils, 
or where there are very long walls . An exact analy-
sis of the wall design requires the services of a 
structural engineer. However, where somewhat 
stronger walls are desired, they may be partially 
reinforced by placing No. 5 (5/s") reinforcing bars 
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FOUNDATION WALL DESIGN CRITERIA 
Minimum thickness (in.) 
Foundation Height of Masonry 
wall unbalanced or masonry 
type fill (feet) (1) Frame veneer 
Hollow 3 8 8 
masonry 5 8 8 
7 12 10 
Solid 3 6 8 
masonry 5 8 8 
7 10 8 
Plain 3 6 8 
concrete 5 6 8 
7 8 8 
(1) Height of finish grade above basement floor . 
at 16-inch intervals in 10-inch thick walls . This 
"rule-of-thumb" applies to walls eight feet high. 
For deeper walls, a more exact analysis is needed. 
Plain Concrete Foundation Wails 
Plain (unreinforced) concrete walls at least six 
inches thick can be used for residential founda-
tions. Reinforced concrete can also be used in 
those situations where additional strength may 
interior wall finish . 
(minimum 1/2" gypsum 
drywall) / 
/ 
Plain concrete basement wall insulated between fur-
ring strips which support the interior finish. 
Un iversity of Ill inois SHC-BRC 
be needed. The design of reinforced concrete 
walls should be done by a structural engineer. As 
a minimum, one No. 4 (1/2") bar should be placed 
continuously around the top and bottom of the 
wall and midway up the wall. 
Footings 
The footing is used to distribute the loads from 
the house structure to the ground. The bottom 
surface of any foundation footing should be lo-
cated below the frost line at all points. The depth 
of frost penetration varies according to location 
and should be determined before the footings are 
dug. As a general rule for residential buildings 
(one or two stories), the footing should be as 
thick as the wall it supports, and twice as wide. If 
the footing is supported on poor soil, it may have 
to be wider and thicker. If the soil under the foot-
ing is not uniform, it may also be advisable to 
reinforce the footing with two No . 5 (5/s") b~rs. In 
all cases, the footing should not be placed on fill 
materials without consulting a structural 
engineer. 
Anchorage 
In order for the first floor to support the basement 
wall, it must be firmly anchored. For residences, 
Concrete masonry wall with a wood stud wall inside 
to provide insulation and interior finish. 
F2 .0 Basement Co nstruction · 
this is generally done by securing the floor system 
to a wood sill that has been bolted to the masonry 
wall. The bolts should extend into two blocks and 
be spaced about six feet apart. There should be at 
least two bolts in each section of wood sill. Unless 
the sill completely covers the top course of ma-
sonry, the cores of the block should be filled or 
solid units should be used for the top course. Bolts 
should be embedded at least six inches into con-
crete walls. 
INSULATION 
Walls can be kept above the temperature of the 
ground by the use of insulation. The walls being 
warmer, the moisture in the air will not condense 
so readily on them. Moisture-resistant insulation 
and vapor barriers must be used. Care should be 
taken that moisture does not get behind the 
insulation. 
The wall should be dampproofed (seep. 7). In 
addition, a layer of four to six mil polyethylene 
should be placed between the furring strips (use 
pressure-treated wood to prevent decay) and the 
wall. Batt or blanket-type insulation is usually 
used. Foam plastic insulation (polystyrene, 
urethane, etc.) can be placed between the strips 
but the insulation must be covered with gypsum 
drywall for fire protection. 
As an alternative, 2 x 4 studs can be fastened to 
plates secured to the floor and to the first floor 
joists and batt-type insulation placed between the 
studs, as in exterior wall construction. A vapor 
barrier should be used on the warm side. The. in-
sulation should then be protected with a finish 
such as drywall or paneling. This system has the 
advantage of not requiring any holes in the foun-
dation wall. 
INTERIOR FINISHES 
Walls- The finish on basement walls can be as 
simple as a coat of paint or as elaborate as wood 
paneling. Before any finish is applied, adequate 
steps should be taken to insure that the wall has 
been made as water-resistant as possible. 
If the walls are to be painted, all dirt and for-
eign substances should first be removed. Imper-
fections, such as fins or honeycombs in concrete 
walls, should be removed or filled and repaired 
before painting is started. Choose a paint specifi-
cally recommended by the paint manufacturer for 
basement application. In addition to the 
usual paints, it is possible to purchase heavy-
bodied paint that can be textured to provide a 
variety of surface appearances. There are also 
some heavy wallpaper-like materials that can be 
applied to reasonably smooth concrete masonry 
surfaces. 
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If the walls are insulated and furred, then dry-
wall or paneling can be applied as a wall finish. 
Foam plastic insulations require a minimum 
cover of 1/z-inch gypsum drywall for fire protec-
tion. If there is any remote chance of moisture in 
the basement, avoid paneling materials that are 
sensitive to moisture. These may absorb moisture 
and warp or buckle. Since the basement space 
may not always have windows or an extra door for 
exit in the event of fire, some consideration 
should be given before using thin plywood panel-
ings or material with highly flammable finishes 
such as lacquer. 
Floors- Basement floors can be covered with 
resilient flooring materials or even carpeting. 
Select materials that can be installed with mois-
ture-resistant adhesives. Indoor-outdoor carpet-
ing makes an excellent floor covering and can 
withstand occasional wetting if the basement 
becomes damp. The carpet also provides a 
warmer surface for sitting if the basement will be 
used as a playroom or party room. 
Ceilings- The basement ceiling can be fin-
ished the same way as any other room in the 
house. However, some consideration should be 
given to using a drop-in (removable) acoustic 
ceiling. The acoustic material will help control 
noise in an active playroom or party area and the 
removable feature will give access to piping and 
wiring servicing the first floor. It also permits 
inspections for termite infestation, which is im-
possible when a fixed ceiling is used. 
KEEPING THE BASEMENT DRY 
If the basement is to be a truly useful space, it 
must be a dry area. Leaks and seepage (capillary 
transmission) of water through the walls should 
be prevented, and moisture condensation 
controlled. 
Moisture Condensation 
Dampness in a basement in the summer is fre-
quently caused by condensation of moisture from 
the air. This moisture problem occurs when warm 
air from the outdoors comes in contact with cool 
basement walls and floors, and with uninsulated 
cold water-pipes. The water vapor in the air turns 
into drops of water when the air strikes a cool sur-
face. The surface temperature at which the vapor 
condenses varies in relation to the air temperature 
and the amount of water vapor in the air. 
Dampness caused by moisture condensation 
can usually be cured by: 
• Warming the basement (by ventilating, in-
sulating, or heating). 
• Reducing the amount of moisture in the 
basement (dehumidifying). 
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Mechanical dehumidifiers can control moisture con-
densation. They can be installed to drain the condensed 
water into a floor drain or laundry tub. 
Ventilating: By opening basement windows in 
dry weather, basement walls and floors can be 
warmed during the summer. Ventilation alone, 
however, is not a particularly dependable "cure" 
since the temperature and humidity of the out-
side air will greatly influence the results. During 
periods of high humidity, the air entering the 
basement will be damp, thus increasing the 
amount of moisture in the basement and reducing 
the effectiveness of ventilation. 
An exhaust fan installed in a basement 
window and operated during the day is helpful in 
circulating air through the basement. 
Dehumidifying: The amount of moisture in a 
basement can be reduced by a mechanical dehu-
midifier. This is essentially a small refrigeration 
unit in which the cooling coil is exposed to the air 
in the room. The moisture in the air condenses on 
the coil, since it is colder than any other surface in 
the basement. The water collected is drained 
away. In the operation of a dehumidifier, some 
heat is given off. This heat helps to warm the 
basement and, hence, to control condensation. 
Heating: By supplying a small amount of heat in 
the basement, the floors and walls can sometimes 
be warmed enough to prevent condensation. A 
fire in a basement fireplace or stove is suggested 
for a few hours a day. 
Preventing Leaks and Water Seepage 
By selecting the right type of construction and the 
correct waterproofing method, a basement can be 
kept dry. Certain information about the site is 
needed to insure dry construction; namely, 
ground-water level, type of soil, grading possi-
bilities, and storm drainage facilities. 
Ground-Water Level: The level of ground water 
varies considerably from locality to locality and 
also during the year. 
Builders should check the behavior of ground-
water levels with persons who know conditions 
in the vicinity of the site. Ground-water levels can 
University of Illinois SHC-BRC 
also be determined by digging a test pit. It is im-
portant that the level of ground water be mea-
sured when it is at its highest - usually in the 
spring after a heavy rainfall. 
In areas where the ground-water level is con-
tinuously above the basement floor, waterproof-
ing problems will be severe. For this reason, a 
basement may not be advisable. 
Type of Soil: The layers below the surface soil 
affect basement construction more than the sur-
face soil. 
Heavy soils of clay and silt are dense and often 
form impervious layers -that is, they absorb 
water, expand slightly, and then prevent the 
water from draining into the ground. Where such 
soils exist, drainage problems are frequently dif-
ficult. A layer of heavy soil on the outside of the 
basement walls may hold water and create pres-
sure against them. 
The drainage problem is relatively simple in 
light sandy or gravelly soils where the rain water 
disappears readily and does not stand in pools 
after heavy rains. 
Grading for Proper Drainage: In grading the lot, 
the land should be sloped away from the house. 
On low lots , the house should be set high and 
fill brought in around the house so that the water 
will flow away from it. Where there is no natural 
drainage for both front and back yards, the site 
should be graded so that there is a swale along the 
lot line between two houses . 
Where there is a substantial slope leading to 
the house, an intercepting drainage ditch should 
be located at the base of the hillside to collect any 
water flowing toward the house. 
Storm Drainage: Most communities have a 
public sewer to carry off storm water from down-
spouts and from footing, areaway, and floor 
drains. This sewer must be big enough to avoid 
storm drainage backing up into the basement. 
Before construction on the house is started, 
find out the past performance of the drainage 
system at the site and check its operation with 
neighbors, the city engineer, and contractors. Best 
drainage is obtained when the drain lines are 
below the basement floor. 
If no public storm sewer is available, make cer-
tain drainage can be handled satisfactorily by 
nearby streams, ditches, or a dry-well. A dry-well 
should be used only when there is reasonable 
assurance that the soil will absorb the water. 
When underground storm water is discharged 
into a dry-well, downspouts should be dis-
charged on splash blocks which extend at least 
three feet from the house. Splash blocks should be 
used only if the ground has a definite slope away 
from the house . 
F2.0 Base men t Construction 
A drywell may be used to dispose of water from the 
downspouts if the soil is absorptive. 
Sump Pumps: If underground storm drainage 
lines in a house are too low to be discharged into 
the public storm sewer or ditches, they may be 
connected to a sump (a receiving tank in the 
floor). An automatic pump in the tank lifts the 
water to a higher level for discharge. 
Basement Floor Drainage: Basement floors which 
are built level can be drained easily if a graded 
gutter is provided around the edge of the floor.lf a 
floor drain is installed in the center of the base-
ment, the floor should slope to it. 
pedestal-type submersible 
Sump pumps can be pedestal-type or submersible, 
either with an exposed or concealed float switch for 
automatic operation. 
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Extremely severe 
Average 
Mild . 
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Soil and Drainage Determine Construction 
The type of construction, waterproofing, and 
drainage for water-tight basements depends on 
conditions of soil and drainage. Three conditions 
are described below and recommended construc-
tion for each is given in the chart. 
• Extremely severe conditions exist where water 
pressure against the side walls or the floor of the 
basement cannot be relieved by the standard 
drainage methods of footing or underfloor drains 
leading to natural drainage or storm sewer. This 
condition is most likely to occur in low areas near 
swamps, rivers, or lakes. 
• Average conditions exist where heavy soil nor-
mally holds water, but where the water pressure 
on the basement walls can be readily relieved by 
footing drains. This condition is found in locali-
ties not affected by swamps, rivers, or lakes. 
However, in such areas, the storm sewers occa-
sionally may be subject to back-up during heavy 
rains. 
• Mild conditions exist where water readily dis-
appears in sandy or gravelly soil, and the ground-
water level is below the basement floor, making 
footing drains unnecessary. 
In the chart, drain lines leading to sanitary 
sewers and septic tanks are grouped together as 
sanitary drains; drain lines connected to storm 
sewers, dry-wells or open ditches, as storm 
drains. The proper disposal of drainage water 
will depend on whether the sanitary and storm 
drain lines are both low, both high, or one is low 
and the other is high. Drain lines leading to the 
sanitary or storm sewer are classified as low if 
they are below the basement floor. 
KEY TO DRAWINGS 
1. Backfill 
2. Porous drainbed 
3. Floor drain with trap 
4. Bituminous coating 
5. One-half inch mortar (not necessary on plain con-
crete foundations 
6. Cove 
7. Building paper over joints 
8. Perimeter gutter sloping to floor drains 
9. Firm, undisturbed soil 
10. Membrane waterproofing 
11. Structural slab with reinforcing if necessary 
12. Concrete slab 
13. Sump pit with pump 
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RECOMMENDATIONS FOR BASEMENT CONSTRUCTION 
Walls 
(Foundation) 
Floor 
Waterproofing 
or 
Dampproofing 
Drainage 
Connections 
(Numbers refer 
to notes below) 
Floor drain 
Underfloor 
drain 
Footing drain 
Areaway 
drains 
Gutters & 
downspouts 
Extremely Severe 
Conditions 
Plain concrete desirable. 
(Reinforcing may be req' d) 
Double concrete slab with 
membrane waterproofing 
between. (The thickness 
and reinforcing depend 
upon water pressure.) 
Membrane starting above 
waterline on outside of 
foundation and extending 
continuously under slab. 
~ ~..c: ..c: ..c: bO ·~..C: .s~ ..... .sbO ..c:~ ..C:bl) 
... o ..... ... o ..... 
"..c: "..C: ~- ~ ... ~- ~ ... !U ... !U ... 
.-=: 8 
·-= 8 ·-= 8 ·-= 8 c: 0 ;.s c: 0 c: 0 !U- !U- !U-
0000 0000 0000 0000 
2 2 5 or 4 4 
Conditions prevent use. 
Conditions prevent use. 
Connect to storm drain. 
Connect to storm drain. 
1. Connect to storm drain. 
2. Connect to sanitary drain. 
3. Connect to sump, pump to storm drain. 
4. Connect to sump, pump to sanitary drain. 
Average Conditions 
Plain concrete or masonry. 
Concrete slab on firm, un-
disturbed soil or drain bed 
of gravel or crushd stone. 
Bituminous coating on 
outside of all foundations 
from grade to footing. 
Masonry foundations 
should first be coated with 
mortar 1/2-inch thick . 
~ ~..c: ..c: ..c: bO ·~..C: .s~ .sbO :E~ ..C:bl) 
... o ..... ... o . .... 
"..C: "..C: ~- ~ ... ~- ~ ... !U ... !U ... ~8 
·-= 8 ·-= 8 ·-= 8 c: 0 c: 0 ;.s ;.s !U- !U-
0000 0000 0000 0000 
2 2 5 or 4 6 or 4 
7&17&37&17&3 
1 3 1 3 
Use post-hole filled with 
gravel to connect to footing 
drains. 
Mild Conditions 
Plain concrete or masonry. 
Concrete slab on firm, un-
disturbed soil. 
None required. 
~ ~..c: ..c: ..c: bO .~,.c: .s~ ..... .sbO ..c:~ ..C:bO 
... o ..... ...o ..... 
'..C: 
c;...c: ... ~- ~ ... ~-... !U ... .~ 8 ;::8 ;::8 
·-= 8 c: 0 ;.s c: 0 c: 0 !U- !U- !U-
0000 0000 0000 0000 
2 2 5 or 4 4 
Not required. 
Not required. 
Not required. 
Connect to storm drain or Discharge on splash block 
discharge on splash block or or omit gutters entirely. 
omit gutters entirely. 
shower discharge permitted in floor drain. 
6. Connect to sump, pump to storm drain if code allows. 
No laundry or shower discharge permitted. 
5. Connect to storm drain if code allows. No laundry or 
7. Required only if underground spring feeds water be-
neath floor slab. 
REP AIR OF BASEMENT LEAKS 
After a house has been constructed, any one or all 
three forms of dampness -leakage, seepage, con-
densation- may appear in the basement. 
Leakage and seepage can be reduced or elimi-
nated by the same techniques recommended for 
new construction; however, most of those meth-
ods entail considerable expense since they re-
quire excavation of the earth down to the footing. 
Interior dampproofing and drain lines, if applied 
and installed correctly, will be effective in all but 
the most severe cases. 
Dampness on walls can be controlled by ap-
plying several coats of cement-base damp-
proofing to the inside surface of the basement 
F2.0 Basement Construction 
wall. The material, which is packaged in dry 
form and mixed with water to a pancake-batter 
consistency, should be applied according to the 
manufacturer's instructions. 
Leaks Due to Water Pressure Against Wall 
Seepage or leaks with a visible flow indicate that 
the exterior face is faulty in preventing water from 
entering the wall. Methods for combating this 
type of leak are: 
• Apply mortar coat to inside surface of the wall. 
(Cement mortar should be applied at least 3/s-inch 
in thickness; quick-setting waterproofing ce-
ment, 1/s-inch thick.) 
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• If there is reason to believe that the footing tile is 
clogged, dig down and rod out this line, replacing 
any broken tile so the flow of water can be re-
stored. Cover the joints with small pieces of tarred 
felt before back-filling with at least one foot of 
gravel or crushed stone. If there is reason to sus-
pect that the downspouts were connected to the 
footing tile or if the downspout tile is broken, the 
downspouts can be directed onto splash blocks 
which slope away from the house . 
Many leaks occur at the joint between the 
foundation wall and the footing (and up to the 
floor level). These can usually be eliminated by 
building a cove of quick-setting waterproofing 
cement along the intersection of the wall and the 
floor. The cove should be keyed into the base-
ment floor which should previously have had a 
trough (2 inches wide and 1 inch deep) cut 
next to the wall. 
Leaks Due to Water Pressure Under Floor 
Hydrostatic pressure under the floor forces the 
water up through cracks and around the edge of 
the floor. The pressure should be relieved by in-
stalling a tile drain under the floor and next to the 
footing. 
This underfloor drain can also be used to 
remove water from inside hollow masonry blocks 
or outside the foundation . To do this, cut holes in 
the foundation and install 1/z-inch pipes. Placing 
cement around the pipes insures a watertight 
foundation . This system should be used only if 
there is no danger of the storm water backing up 
after a heavy rainfall. 
If there is a danger of backup or if the under-
floor drain is not adequate, a membrane can be 
placed on the existing floor and lapped up on the 
side walls. A structural cover slab of reinforced 
concrete can then be placed over the membrane as 
a wearing surface. Where the pressure from 
below -is great, the slab must be reinforced to 
resist pressure against the membrane. 
Faulty Drainage 
Water which backs up into the basement through 
the sewer or drain line can be controlled by a 
rubber plug or threaded standpipe set into floor 
drains. The height of the standpipe will depend 
upon the water pressure in the drain lines. The 
customary height is two to three feet. Water pres-
sure which requires a taller standpipe may even-
tually burst the pipes and back up through the 
floor. To avoid this, backflow should be control-
led by cutting off the drain lines outside the house 
so that no water can get under the floor. To 
remove water, install a sump pump and connect 
the floor drain to it. 
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REPAIRING EXISTING BASEMENTS 
Occasionally, concrete and concrete masonry 
walls will crack due to unanticipated loads on the 
wall, very heavy soils, or excess water pressure on 
the walls. When this happens, the cracks must be 
repaired or leakage may occur, or, in severe 
cases, the wall could collapse if the damage is 
great enough. 
Plain Concrete Wails 
Usually the cracks are not large and have hap-
pened because of shrinkage of the concrete, a 
separation where fresh concrete was placed 
against concrete already set-up and it did not 
bond, or due to settlement of the foundation. 
Cracks less than 1/4-inch wide can be repaired by 
using concrete patching materials available at 
most home center stores. Good patching tech-
nique requires that the crack be cleaned and 
deepened slightly so that the repaired area will 
not be too thin. The patch material directions 
must be carefully followed or the material will not 
bond to the concrete and the patch will not be 
watertight and may even fall out. If the wall is 
badly cracked and has bowed inward, it should 
be inspected by an engineer before repairs are 
attempted. 
Concrete Masonry Wails 
Cracked mortar joints can be cleaned out andre-
mortared similar to concrete walls. After the 
mortar joints are repaired, the wall should be 
coated with a dampproofing paint to complete the 
job. Badly cracked walls and walls that have 
bowed-in significantly need professional atten-
tion. Usually this means that the outside earth 
must be dug up to relieve the pressure on the wall 
before repairs are attempted. Many times the re-
moval of the earth against the walls will allow the 
wall to return to a vertical position . It can then be 
reinforced by inserting steel bars into the wall 
about 32 inches apart. The bars are placed in the 
hollow block cores and then the cores are filled 
with pea-gravel concrete. Badly deteriorated 
walls or walls that cannot be straightened will re-
quire rebuilding of the foundation . This kind of 
work should be done only by an experienced 
contractor. 
Products or treatments are sometimes adver-
tised which claim to be able to seal basement leaks 
by pouring or pumping a liquid into cracks or 
down the outside of the foundation . These li-
quids usually contain materials which expand 
when wet in order to form a watertight seal. They 
should not be used unless they have a proven ser-
vice record in the type of soil around the house , 
and then only if the seller guarantees performance. 
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FLOOR SYSTEMS 
A number of materials and systems can be used 
for floor construction over basements, crawl 
spaces, and for upper level floors, bu~ in North 
America, wood is the most used matenal and the 
light frame joist system the most comm?~· 
This publication discusses the wood JOist sys-
tem, its supports, conne~tions, details, and varia-
tions, along with brief descriptions of other wood 
floor construction sys terns. 
Light Frame Floor Systems 
In light frame construction, the main structural 
elements of the floor are floor joists (usually 2 X 8 
or 2 x 10 members) which are spaced 16" or 24" on 
center. These joists are usually supported at their 
outer ends by the foundation walls. Since most 
houses are wider than the typical joist span of 
12-16 feet, the inner ends are supported by one or 
more interior foundation walls, beams, or 
girders. In tum, the joists support the subfloo:, 
usually plywood, but sometimes structural parti-
cle board or boards. 
The subfloor provides the base for the finish 
flooring. Wood strip flooring is usually applied 
directly to the subfloor, but when resilient floo:-
ing or carpeting is used, an underlaY:ment Is 
often installed over the sub floor. Sometimes the 
subfloor and the underlayment are combined into 
a single panel. In rare instances, the subfloor a~d 
the finish floor are laminated together and In-
stalled as a unit. 
Sills 
When the ends of joists rest on a foundation wall, 
a sill or sill plate is usually attached to the top of 
the foundation to serve as a base for supporting 
and fastening the floor joists. The sill plate is 
usually a . 2 x 6 or 2 x 8 (sometimes a 2 X 4) 
bolted to the foundation. The foundation bolts tie 
the structure to the foundation and are installed 
when the foundation is built. Bolts should be 1/2" 
in diameter and no more than 8' apart. They 
should be embedded at least 6" in cast concrete, or 
in concrete fill at least two blocks deep in hollow 
masonry construction. Hardened steel nails, 
COUNCIL NOTES Volume 3 Number 1 Summer, 1978 
© 1978 by The Board of Trustees of the University of Illinois. 
Material in this publication by: 
Rudard A Jones, AlA, and Henry R. Spies, SHC-BRC 
Consultant: Seichi Konzo 
Artist: Joan R. Zagorski Editor: Henry R. Spies 
Published quarterly by the Small Homes Council.-Building Resecu:ch 
Council, University of illinois at Urbana-Champatgn, One East Saint 
Mary's Road, Champaign, illinois 61820. 25c per copy. 
Page 2 
Sill plate with anchor bolt 
either hand or machine driven, are sometimes 
used to fasten the sill plate to cast concrete 
foundations. 
Where high moisture conditions exist, or ter-
mite infestation is a possibility, it is recommend-
ed that the sill plates be of preservative-treated 
lumber (See Circular D7 .3, Pressure-Treated Wood). 
A sill sealer should be placed between the top 
of the foundation and the sill plate to reduce air 
leakage into the basement or crawl space. A fiber-
glass strip about 1/2" thick and 6" wide is usually 
used. 
Beam and Girder Supports 
Beams and girders are often used to support the 
ends of floor joists, particularly as intermediate 
supports. In this case, the girder runs the length 
of the house to support the interior ends of the 
floor joists. Wood girders, either nail-laminated 
or glue-laminated, or steel beams are used. A 
wood girder is usually assembled from three 
thicknesses of dimension lumber, with the butt 
joints of the pieces being staggered but located 
over the support columns or piers. The piers are 
usually made of masonry or concrete, bearing on a 
suitably sized footing. Sometimes short, pres-
sure-treated wood posts are used in crawl spaces. 
Pipe columns, wood posts, or adjustable base-
ment jacks are .used to support the girder or beam 
in basement construction. When untreated wood 
posts are used, they should be placed on a raised 
pad or plinth to provide good drainage. Other-
wise, water can be absorbed by the wood, caus-
ing the end of the post to decay. 
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Wood girder on concrete masonry pier 
Frame Wall Supports 
In two-story construction, the ends of the second-
floor joists are supported on the frame walls of the 
floor below. A frame bearing wall is also some-
times used as a support in basements. 
Floor Joists in Masonry Wails 
When floor joists are used with masonry bearing 
wall construction, the ends of the joists are sup-
ported in pockets built into the wall. To reduce 
the possibility of moisture penetration and 
subsequent decay of the joist ends, the masonry 
should not touch the top, sides, or ends of the 
joists. 
Footing for wood post 
F4.0 Wood Frame Floor Systems 
Floor Joists 
Most light frame buildings are built using ' ~plat­
form" (or Western) construction. In this system, 
the floor is constructed on joist supports and 
forms a platform to support the wood frame walls 
and partitions which are erected upon it. 
Floor joists serve as the structural elements of 
the floor and span the area between the supports. 
The size (depth and length) of the joists are deter-
mined by the distance between the supports, the 
spacing of the joists, the floor design loads, and 
the strength and stiffness of the lumber. 
The joists are usually spaced either 16" or 24" 
apart (on center); however, a spacing of 12" can be 
used for unusually heavy floor loads. Span tables 
have been developed which conform to the Amer-
ican Softwood Lumber Standard PS 20-70. Until 
recently, three major woods were predominantly 
used for floor joists; Douglas fir, Western hem-
lock, and Southern yellow pine (a grouping of 
species). However, with recent changes in lum-
ber grading, other species are gaining wider ap-
plication. Joist lumber may now consist of mixed 
species, a wide range of densities, and mixed 
grades. 
Selection of Floor Joists 
Two factors are considered in selecting floor joists: 
a. strength, to prevent structural failure, and 
b . stiffness, to reduce the amount of deflection 
(sag) and vibration or bounce. 
In most cases, stiffness is the controlling factor. 
The stiffness of a floor system may be increased 
by using a better grade of lumber, but the best 
way to reduce deflection and bounce is to shorten 
the span of the joists and/or use a deeper joist. 
In general, a 2 x 10 joist is preferred to a 2 x 8 
for the same span and spacing. Using the same 
grade of lumber, the floor will be twice as stiff 
and use only 25°/o more lumber. When 2 x 10 
joists are used on 24" centers compared with 
2 X 8 on 16" centers, the 2 x 10's are 38°/o stiffer 
and use 16°/o less lumber. Part of these savings 
may be offset by the need for a thicker subfloor. 
The floor can also be made stiffer by reducing 
the span of the floor joists. In general, the joist 
span should not be longer than 16 ', and prefer-
ably 14' or less. As shown in the table on page 4, 
longer spans can be used, with less satisfaction. 
Occasionally, a floor can be framed with two 
or more rows of support beams, allowing joists to 
be both shorter and shallower. 
In the following table, the deflection is limited 
to the span in inches divided by 360, with the 
maximum deflection allowed being 1/2". The span 
is the clear distance between the end supports. 
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MAXIMUM ALLOWABLE SPAN FOR FLOOR JOISTS 
Joist Size and Spacing 
2 X 10 2x8 
Species and Grade 16" o.c. 24" o.c. 12" o.c. 16" o.c. 
Douglas Fir-Larch #1 16'-6" 14'-11" 14'-8" 13'-4" 
Southern Pine #1 16'-3" 14'-7" 14'-5" 13'-1" 
Douglas Fir-Larch #2 16'-3" *14'-4" 14'-5" 13'-1" 
Southern Pine #2 16'-0" *14'-1" 14'-2" 12'-10" 
Hem-Fir #1 15'-9" 14'-0" 13'-10" 12'-7" 
Douglas Fir, Southern #1 15'-6" 13'-8" 13'-6" 12'-3" 
Hem-Fir #2 15'-6" *12'-9" 13'-6" 12'-3" 
Douglas Fir, Southern #2 15'-3" 13'-4" 13'-2" 12'-0" 
Douglas Fir-Larch #3 *13'-6" *11'-0" *12'-2" *10'-6" 
Southern Pine #3 *13'-1" *10'-8" *11'-10" *10'-3" 
• Maximum span limited by bending stress 
The· above recommendations are calculated on the physical properties of the various species of wood given in Design Values for 
Wood Construction, a supplement to the 1977 edition of National Design Specification for Wood Construction issued by the National 
Forest Products Association. 
Joining Joists 
Since joists are seldom available as long as the 
width of the house, two or more pieces must be 
joined at some point, usually over a support. The 
joists can be lapped or butted. When lapped, the 
lap must be a minimum of 4" and should be a max-
imum of U"; when butted, they should be con-
nected with a splice plate of wood, plywood, or 
metal. A splice plate is not necessary with a ply-
wood subfloor if the plywood sheet straddles the 
splice. · 
The joists also can be cut to fit into a steel 
beam, or be supported by a wood plate on the top 
flange of the beam. If floor joists are to be framed 
into the side of a wood girder, they should be sup-
ported by a metal joist hanger or wood ledger 
strip. 
The metal joist hangers should be selected ac-
cording the manufacturer's design information. 
The method of supporting the joists affects the 
installation of plumbing and ducts . Duct installa-
tion is easier when floor joists are supported on 
the top of the girder. This allows the piping and 
ductwork to run from one side of the house to the 
other by passing between the joists and over the 
girder. When joists are spaced 16" on center, there 
is a duct clearance of 13"when the joists are lapped 
and 141/2" when they are butted. 
When the joists are framed into the side of the 
beam or girder, the pipes or ducts must either 
enter the floor adjacent to the beam or drop below 
it. Beams and girders should never be cut. 
Framing the joists into the side of the beam or 
girder provides more headroom in the basement 
Joists lapped over beam Joists butted over beam Joists cut to fit into beam 
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or crawl space, except where ducts must be 
dropped below the beam. It also reduces the 
problem of differential shrinkage. Even when 
"dry" lumber is used, it does dry further in the 
house, and a joist may shrink as much as 3/4". 
When the joist is supported on a foundation or 
steel beam, that is the total shrinkage. However, 
if one end is supported on a wood girder which 
also shrinks 3/4 ", the floor will slope toward the 
center girder. 
A structural member that is continuous over 
two or more spans deflects less than individual 
pieces each covering one span. To take advantage 
of this, some floors are built with the joists spliced 
in-line using structural splice plates. The joists 
are cut to length and joined with plywood plates 
(preferably glued) or metal plates. Continuous 
joists are also made with glued finger joints. This 
allows the use of shorter lumber and the removal 
of large knots and other wood defects. 
Most building codes specify doubling or 
adding extra floor joists under an interior parti-
tion parallel to the joists. The doubled joist is 
essential under a bearing wall (a wall supporting 
the floor or roof above). Extra joists may not be 
necessary under non-load-bearing walls where 
trussed roofs are used. 
Special care should be taken in planning the 
house so that no floor framing members need to 
be cut to install plumbing, heating, or other 
mechanical equipment. All pipes should be either 
between or under the joists. For chimney and 
staiT openings, or poorly planned mechanical in-
stallations, the floor joists must be cut and extra 
members added to support the floor loads. Trim-
mers are extra members running parallel to the 
joists, headers those perpendicular to the joists. 
This framing can be simplified by using metal 
framing connectors. If absolutely necessary, the 
joists can be notched to a depth not to exc~ed 1/6 
the depth of the joist. The center third of the joist 
should not be notched. 
Header or Band Joists 
The header or band joist is usually the same size 
as the floor joists and is nailed to the ends of the 
floor joists and to the sill plate. The band joist sup-
ports the exterior walls, holds the joists in place 
until the subfloor is attached, and provides a nail-
ing surface for the wall sheathing and siding. A 
thinner member, such as a 1 x 8 or 1 X 10 can be 
used. 
Bridging 
Traditionally, bridging has been used to distrib-
ute the floor loads among adjacent joists. Bridging 
can be pairs of 1 x 3' s or 1 x 4' s cut to fit between 
adjacent joists, or metal units acting similarly. 
Solid blocking, also considered bridging, is made 
of pieces of joist material nailed between the 
joists. In most cases, the bridging is installed in 
the center of the span throughout the length of the 
structure. Most builders now believe that bridg-
ing is unnecessary; however, research is contin-
uing with particular attention to floors subject to 
vibrational forces. Because its value is question-
able, many builders have eliminated it. 
Sub floor 
The subfloor, which is the first layer of material 
attached to the floor framing, provides a work 
deck for later construction as well as a base for the 
underlayment or wood flooring. The subfloor 
may be of boards, plywood, or other sheet or 
Joists spliced with plywood plate Joists spliced with toothed metal plate Joists supported on metal framing connectors 
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Wood bridging 
Metal bridging 
panel material which transfers the floor loads to 
the joists and to which underlayment can be 
attached. 
Traditionally, nominal 1 x 6 boards were ap-
plied at a 45° angle to the floor joists. The boards 
were either square-edged or edge-matched. Ply-
Solid bridging 
wood is now the most common sub floor, applied 
in· 4' x 8' panels with the length perpendicular to 
the joists. The thickness of the plywood depends 
on several factors, including joist spacing, under-
layment material and thickness, location of non-
load-bearing partitions, and the finish flooring 
Typical wood floor framing system 
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Tongue-and-groove subfloor 
used. The underlayment or finish flooring is im-
portant because it may contribute to the desired 
stiffness. Plywood subfloor is usually marked to 
indicate maximum floor joist spacing. Thick-
nesses of 1/2", S/s", and 3/4" are most common. 
Structural particleboard also may be used. 
It is becoming more common to use a con-
struction adhesive between the joists and the 
sub floor. The adhesive makes the floor system 
stiffer and tends to reduce floor squeaks. Fewer 
nails or fasteners are required. Elastomeric adhe-
sives are available which can be applied in cold 
weather and will bond to lumber wet by rain or 
snow. 
Underlayment 
The underlayment is a smooth-surfaced material 
applied over the subfloor to provide a smooth 
backing for the finish floor. It also provides some 
stiffening to the floor system. It is applied after 
the rough carpentry and interior finishing is 
done, or just before the house is completed. The 
three common underlayment materials are hard-
board, particleboard, and underlayment-grade 
plywood. The surface is manufactured for adhe-
sive bonding of resilient flooring such as lino-
leum or vinyl sheet goods or tiles. The smooth-
ness of the underlayment is critical for resilient 
flooring, and it must be carefully nailed and the 
edges finished to prevent "show through" of 
imperfections. Likewise, it must be protected 
from scarring and dirt during the final stages of 
construction or additional sanding and cleaning 
will be needed. 
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A special plywood combination subfloor-
underlayment permits the installation of both in 
one operation. It has tongue-and-grooved· edges 
and a top surface of underlayment quality. It is 
often installed with adhesive in the joints as well 
as on top of the joists. It is usually used with car-
peting; if resilient flooring is used the surface 
must be carefully protected, and resanding may be 
needed. 
Special Floor Systems 
Other floor framing systems include lattice 
girders, parallel-chord trusses, plywood box 
beams, plywood-web beams, and floor panels. 
Most of these special systems are engineered for 
specific projects to provide clear spans for base-
ments or for floor systems in apartment or com-
mercial buildings. They are sometimes used to 
support a special plywood subfloor designed for 
wider joist spacings, usually 48" on center. The 
sub floor is attached to the top of the beam and the 
ceiling materials for the floor below to the bottom. 
Lattice girders were among the early systems 
developed for long spans and wide spacing. They 
are made with dimension lumber top and bottom 
flanges and a metal latticework web. 
A later variation, and the one now most com-
mon, is the parallel-chord truss. It is made of 
2 x 4 chords and web members, joined with 
metal connector plates designed for the specific 
use. The top and bottom chords are in a flat posi-
tion, separated by short diagonal members. The 
web members can be placed to provide space to 
run pipes, wires, and heating ducts within the 
floor system. The 31/2" surface of the chords pro-
vides a wider base for attaching floor and ceiling 
Lattice floor truss 
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Parallel-chord floor truss 
materials. There are a number of manufacturers of 
metal connector plates who provide engineered 
designs and fabrication instructions for these 
trusses. As with joists, long spans tend to sag or 
bounce more. To get the same quality of construc-
tion suggested in the previous joist table, the 
maximum deflection under design live load 
should be no more than 1/2". 
Plywood box beams are made of structural 
plywood nailed and glued to lumber flanges. The 
plywood-web beam is made of a single-thickness 
plywood web glued between lumber flanges. 
Panel Systems. Several types of floor panel sys-
tems have been used. Most consist of panels 4' 
wide and 8' or more long, shop fabricated of ply-
wood and lumber members. They are supported 
on steel or laminated wood beams 48" on center. 
Another system uses a stressed-skin panel made 
of plywood top and bottom faces glued to a 
lumber framework, often filled with insulation. 
Special Considerations 
Insulation. It may be desirable to insulate the 
floor over crawl-space or basement construction. 
Batt-type insulation can be supported by wire 
mesh or by support wires sprung into place be-
tween joists. Stapling the flanges of paper- or foil-
covered batts is not an adequate permanent 
support. Pipes and ductwork should be above the 
insulation. Aluminum foil, polished on both 
sides, sometimes supported on reinforced kraft 
paper, is a good insulation against downward 
heat flow, and is easy to install. 
Vapor Barriers. A vapor barrier,* such as poly-
ethylene film or aluminum foil, should be in-
stalled on the warm side of any insulation. In 
addition, a vapor barrier should cover the soil 
surface in a crawl space. Decay of the floor joists 
,. Also referred to as a vapor retarder. 
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and girders can occur if the moisture in a crawl 
space or basement is not controlled. For venting 
requirements see Circular F4.4, Crawl-Space 
Houses. 
Sound Control. A number of things, including 
the use of carpeting and padding, and suspend-
ing a ceiling on spring clips or hangers, will 
reduce sound transmission from floor to floor. 
However, the total acoustic performance of a 
building depends upon every detail of construc-
tion, contents, and surroundings. Good sound 
control is best achieved with the help of a profes-
sional acoustic consultant. 
Room Over a Garage. Floors built over an unheat-
ed garage should be insulated, and a vapor barrier 
installed with care to prevent gasoline or engine 
fumes from entering the rooms above. Most codes 
require that both the walls and ceiling of the 
garage have an interior finish covering. 
Termite Control 
Subterranean termite control is important in the 
areas in which they occur. Good construction 
practices can help prevent an infestation. 
Untreated wood members should be placed 
well above the soil. Most codes require that un-
treated wood be a minimum of 8" above the grade 
line. A preservative-treated sill plate is used by 
some as a deterrent to termites, but unless the en-
tire floor system and the wood elements of the 
wall are also of.treated material, termites can enter 
the structure and attack the untreated wood. 
Treated wood is more resistant to fungi and decay-
causing organisms. 
Although used for many years, and still re-
quired by some codes, metal termite shields have 
not proven effective in blocking the entrance of 
termites. The shield is seldom installed correctly, 
and may give a false sense of security. For exam-
ple, the joints in the metal shield are seldom made 
properly and the holes for the foundation bolts are 
usually not sealed. The recommended extension 
of angled edges over the foundation is rarely pro-
vided, and the interior edge is often covered by 
the interior finish in a basement. Copper-plated, 
asphalt-centered kraft paper is commonly used, 
which is an inadequate substitute for solid metal. 
Though ineffective against termites, the shields 
may prevent the movement of moisture up into 
the wood members from the foundation. 
Chemical soil poisoning is the only acceptable 
effective means of subterranean termite control. 
The chemicals used are extremely toxic, and 
should be applied only by reputable pest control 
operators. Additional information on soil treat-
ment is available in Circular F2.5, Termite Control. 
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CRAWLSPACES IN 
THE HOME 
Small Homes Council-Building Research Council 
University of Illinois at Urbana-Champaign 
CRAWL SPACE CONSTRUCTION 
Many basementless houses are built over a crawl 
space- that is, the floor of the house is built over 
an excavation which is deep enough to allow a 
man to gain access to the underfloor space by 
crawling. The minimum depth of the crawl space 
should be 24 inches under the floor joists or 18 
inches under the girder. An 18-inch clearance 
beneath any ductwork is also desirable. 
Most commonly, the exterior walls of the 
house and the outer edges of the floor framing rest 
on a foundation wall extending around the house. 
Sometimes, however, the exterior walls and the 
floor are supported by beams which rest on piers 
located around the edge of the house. In such con-
struction, a non-load-bearing curtain wall usually 
encloses the crawl-space excavation. 
The interior ends of floor joists are generally 
supported on wood or steel girders, which rest on 
masonry or concrete piers, but the support can be 
load-bearing walls. 
Floors are usually of wodd with con-
ventional joist construction. However, concrete, 
masonry materials, metal, or a combination of 
these materials can also be used. See Circular 
F4.0, Wood Frame Floor Systems. Normally the 
crawl space contains only plumbing pipes, heat-
ing ducts or pipes, and electrical wiring. 
Occasionally it can also serve to house the fur-
nace, as a plenum for a warm air heating system, 
or as a dead storage area. Easy access should be 
provided for inspection and to service any equip-
ment, such as a sump pump, located in the crawl 
space. 
Because the crawl space permits access to the 
underfloor framing and utility connections, repair 
and modernization problems are simpler than in 
basementless houses of slab floor construction. 
Crawl space houses should and can be con-
structed so that: 1) they are free from the problems 
of moisture, 2) they resist termite infestation, and 
3) the floor and rooms above the crawl space can 
be kept at comfortable temperatures with a mini-
mum of heat loss from the structure. 
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DRY CRAWL SPACES 
Moisture problems within a house that show up 
as condensation or frost on the underside of roof 
sheathing, or as condensation and/or frost on 
windows in the living area, can result from damp-
ness in the crawl space . Moisture problems in 
crawl spaces may be due to the construction of a 
crawl space in an area of high water table, im-
proper grading of the lot for drainage, or the 
omission of moisture control devices such as 
vapor barriers, ground cover, and ventilation 
openings. An uncorrected moisture problem can 
cause decay of the wood floor framing and will 
eventually cause structural failure of the house. 
Obvious symptoms of excessive moisture 
passing upward through the floors and the walls 
include a musty odor; mold on the walls near the 
floor, in comers, and in closets; moisture con-
densation on windows which are equipped with 
insulating glass or storm windows; moisture or 
frost on the underside of roof sheathing; and 
moisture condensation in the walls with resulting 
paint peeling. In the crawl space itself, moisture 
problems may be indicated by fruiting bodies 
(toadstools or furry mats) on lumber, damp earth, 
mold on the ground, condensation on masonry 
foundation walls, and mildew or condensation on 
band joists and subfloor, particularly along the . 
north side of the house. Sometimes there are no 
visible symptoms within the crawl space . 
The only satisfactory way to avoid moisture 
problems is to prevent moisture, either vapor or 
liquid, from entering the crawl space . 
Moisture in the crawl space can be due to : 
• Ground water moving through the foundation 
walls or up through the earth floor . 
• Surface water moving through the foundation 
walls or flowing in through ventilators . 
• Capillary rise of ground moisture. 
• Moisture originating within the house . 
Repair and modernization problems are simpler in crawl-
space houses than in a house with the floor laid on the ground. 
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SOURCES OF MOISTURE 
Ground Water 
Sometimes the level of the water in the ground 
(water table) is raised above the bottom surface of 
the crawl space due to: 
• Heavy or prolonged rains . 
• A spring which appears only during wet sea-
sons and is not discovered when the house 
was built. 
• Water flowing along an impervious layer 
within the soil. 
• An overlooked farm drain tile. 
Any of these may cause water to penetrate the 
foundation walls or rise through the ground sur-
face in the crawl space, causing water to stand in 
the crawl space . 
Crawl space construction is not recommended 
if the ground water level in the area is so high that 
it can flood the crawl space periodically. Where a 
spring or farm drain tile is discovered after con-
struction, or where unexpected flooding occurs: 
• Detour the farm field tile around the house, 
and/or 
• Install a footing tile around the outside of the 
crawl space foundation, level with the bottom 
of the footing, and backfill with coarse gravel 
to within 8 inches of the finished grade, 
and/or 
• Install farm field tile or perforated plastic drain 
lines within the crawl space. Grade the bottom 
of the crawl space so that any water will drain 
to the tile. Cover the crawl space area with 
coarse gravel (fine gravel or sand tends to 
block tile) and provide either a gravity drain or 
sump pump to remove the water collected by 
the drainage lines. 
Costs and installation problems make imprac-
tical the use of other methods of control, such as a 
membrane waterproofing system. 
Dampness within a 
lot is graded correctly and a moisture control device, such as a 
plastic ground cover, is used. 
F4.4 Crawl-Space Ho uses 
Surface Water 
Rain water falling on the ground or from the roof 
can pass through or under the foundation walls. 
In some areas, heavy soils may retain surface 
drainage and cause water pressure against the 
walls in the crawl space. 
Surface drainage problems usually occur be-
cause the floor of the crawl space is two to three 
feet below the finish grade outside the house. To 
avoid such problems: 
• Grade the lot so that drainage is away from the 
house and no water is allowed to stand on the 
site. Minimum grading specifications, listed 
below, will suffice for most conditions: 
The slope of the grade should be at least 6 in-
ches in 25 feet . 
The ground should fall at least 6 inches on all 
sides of the house. 
The slope should extend at least 10 feet from 
the foundation except where side yards are 
narrower. 
In new construction, it will almost always be 
necessary to provide additional fill next to 
the house after the first winter of construc-
tion to compensate for the settlement of the 
backfill around the foundation. Failure to do 
so may result in a "moat" around the house. 
• Use wide overhangs and/or gutters and 
downspouts extended several feet from the 
house. If gravel beds are used as a drip area, 
substituting for gutters, remember that as far 
as water is concerned the ground level is at the 
bottom of the gravel and the grading must be 
done so that water drains out from the bottom 
of the gravel bed. Do not connect downspouts 
to footing drains. 
• In areas of high water table, install a footing 
drain of field tile with open joints or perfora-
ted plastic drainage tubing. 
• Waterproof the outside walls with a bitumin-
ous coating. Masonry walls should be parged 
with a 1/2-inch coat of mortar first. 
Capillary Rise of Ground Moisture 
Moisture travels upward from lower layers of cer-
tain soils by capillary action (as much as 18 gallons 
per day have been noted under a 1,000 square foot 
house) and evaporates within the crawl space. 
Capillary rise occurs in nearly all crawl spaces 
built in areas where the soil is clay or silt. Such 
moisture is present even though the ground in the 
crawl space may seem dry and dusty, and even 
cracked. 
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To determine whether there is capillary rise on 
a site, place a square yard of polyethylene plastic 
sheet on the ground and weight down the edges 
to prevent escape of moisture. If there is capillary 
rise of moisture, it will collect under the polyeth-
ylene within a few days. 
Moisture from capillary rise can be kept out of 
the crawl space by: 
• Using a vapor-barrier-type of ground cover 
which is not susceptible to damage by fungi -
such as polyethylene film, either 4 or 6 mils 
thick. Grade and smooth the ground before in-
stalling the ground cover. Tum up the ground 
cover 4 to 6 inches on the wall of the crawl 
space. Hold the polyethylene in place against 
the walls with sand or bricks. Where more 
than one piece of polyethylene is needed, lap 
the edges 4 to 6 inches - sealing is not neces-
sary. The use of wide rolls of polyethylene 
reduces the number of edge joints. 
Moisture From The House 
Theoretically, in a cold, open crawl space, exces-
sive moisture from the house may travel down-
ward through the floor into the crawl space. The 
moisture then might condense on walls or floor of 
the crawl space. To prevent downward flow of 
moisture into an open crawl space: 
• Install a vapor barrier above the floor insula-
tion - either directly above it or between the 
su bfloor and the finish flooring. 
Moisture From Mechanical Systems 
Many times moisture is introduced into the crawl 
space unthinkingly from the mechanical systems 
within the house. 
To avoid moisture from mechanical systems 
be sure to: 
• Vent the clothes dryer to the outside. Clothes 
dryers should never be vented into closed 
crawl spaces. Be sure that all vent pipe connec-
tions are tight and the pipe is supported. To 
prevent condensation within the vent pipe, it 
should be as short as possible and sloped 
toward the outlet. 
• Discharge condensate water from central cool-
ing systems into storm or sanitary drains. In 
many cases, the condensate from mechanical 
cooling systems is drained through a tube into 
the crawl space and allowed to drip either on 
top of the ground cover or run into a drywell 
beneath the ground cover. Condensate drain-
age on top of the ground cover is never accep-
table and drainage should always be made to 
sew.er lines if the soil is silt or clay. 
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insulated wall 
heated living space 
An open crawl space is used where the foundation vents must 
be kept open the year around due to moisture problems or to 
provide combustion air to a furnace located in the crawl space. 
Ventilation 
Before the effectiveness of polyethylene plastic 
ground covers was proven, large ventilation 
openings were required in the foundation wall to 
allow moisture to escape from the crawl space. 
With the use of a polyethylene ground cover, 
which prevents moisture rise from the ground 
into the crawl space, a minimum amount of venti-
lation is needed. Provide at least 4 corrosion-
resistant foundation vents which can be closed 
during the heating season. Insulated covers are 
recommended. Four 8-inch by 16-inch units will 
satisfactorily vent a crawl space area up to 1400 
square feet. One additional vent is required for 
each additional350 square feet. The vents should 
be screened with 8 by 8 corrosion-resistant mesh 
(64 openings per square inch) to keep out insects . 
If the crawl space is dry, it may not be necessary to 
open these vents even in the summer, but it is 
much easier to block and insulate vents which are 
not needed than to install vents which were not 
provided. 
Open Crawl Spaces 
Open crawl spaces are those which are ventilated 
to such an extent that the temperature within the 
crawl space approaches that of the outside air. 
This situation may exist where the furnace is loca-
ted in the crawl space and the requirements for 
combustion air for the heating system are such 
that the crawl space must be left open. 
In cold areas, it is necessary to insulate water 
pipes in such crawl spaces to protect against 
freezing; to insulate heating and cooling pipes or 
ducts to prevent excessive energy loss; and to in-
sulate the floors to make them comfortable . If air 
ducts are also used to handle cool air for summer 
cooling, the insulation used must have a vapor 
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insulated wall 
heated living space 
warm crawl space 
A closed crawl space is one that can be heated. The use of a 
ground cover is essential for this type of crawl space. 
barrier on the outside of the insulation, and any 
joints in that vapor barrier should be sealed with a 
vapor barrier tape to prevent condensation inside 
the insulation during the cooling season. The 
common insulated duct has only one inch of in-
sulation, which is not adequate. 
In order to maintain a desirable surface 
temperature and minimize energy loss, the floor 
should be insulated to limit the heat loss through 
the floor to 5 British Thermal Units per hour 
(Btuh) per square foot. If the outdoor design 
temperature is -30°F, the resistance of the insula-
tion (R-value) should be at least 19; for 0°F, R-13; 
and 30°F, R-7. 
These resistances will serve as a guide in 
selecting the insulation to be installed. If flexible 
insulation is installed in the space between the 
joists underneath the floor, it should be support-
ed by hardware cloth, wire netting, or sheet 
material fastened to the bottom edge of the joists, 
or arched wires sprung into place to hold the insu-
lation against the bottom of the subfloor. 
Batt-type insulation is often held in place under the floor with 
lengths of wire sprung into place between the joists. 
F4.4 Crawl-Space Houses 
Batt insulation is available with nominal R-
values of 7, 13, and 19. Polystyrene foam .board 
has an R-value of approximately 4 per inch. One 
layer of reflective foil insulation bright on both 
sides and fastened on the bottom of the joists has 
an R-value of about 12. If two layers of reflective 
foil are used, one placed 4 inches above the other, 
the combined R-value will be about 21. 
Since both foil insulations and extruded poly-
styrene foam are vapor barriers, no additional 
vapor barrier is needed. The other insulating ma-
terials should have a vapor barier installed on the 
warm (top) side of the insulation. Floor insulation 
should fit snugly around any insulated pipes and 
ducts which penetrate it. 
Closed Crawl Spaces 
The moisture control provided by a polyethylene 
ground cover is so effective that crawl space venti-
lators can usually be kept closed during the heat-
ing season, and perhaps the year around. This 
"closed" crawl space construction is recommend-
ed except under severe moisture conditions. It 
provides the maximum comfort on the floor above 
with a minimum expenditure for insulation. In-
sulation around water pipes and heat ducts usual-
ly is not needed; the closed crawl space can also 
serve as a plenum for a warm air heating system. 
It will not, however, be satisfactory as a plenum 
for a summer cooling system. 
It may be necessary to insulate cooling ducts to 
prevent condensation on the ductwork during the 
summer. A vapor barrier must be used on the out-
side of the insulation. Ventilation of the crawl 
space in the summer may increase the problem of 
condensation on ducts carrying cooling air. The 
use of a dehumidifier in a closed crawl space may 
be appropriate during the summer months. 
If the temperature in the crawl space can be 
maintained within sa of the room thermostat 
temperature setting, the surface temperature of 
the floors in the rooms will also be comfortable. 
Heat from uninsulated warm air ducts or hot 
water heating pipes will usually keep an insula-
ted, closed crawl space near that temperature. 
The walls enclosing the crawl space must be 
insulated to reduce heat loss and to help maintain 
the crawl space temperature. The heat loss to the 
ground through the earth floor of the crawl space 
is small. In order to properly insulate a closed 
crawl space: 
• The box sill headers and the end joists of the 
floor must be insulated, preferably with a flex-
ible-type insulation (batt or blanket) which 
has a vapor barrier on one side. The vapor bar-
rier should face the interior of the crawl space. 
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• For exterior walls, insulation in sheet or block 
form is most easily applied. Tempered nails or 
an adhesive mastic are suggested. Insulation 
should be of a type not affected by termites or 
dampness. If it is not vapor proof, a vapor bar-
rier should be installed on the inside face of 
the insulation, since moisture condensation is 
otherwise likely to occur between the insula-
tion and the wall, or within the wall cavity. 
The most common type of insulation used for 
crawl space walls is expanded polystyrene 
foam. The white polystyrene bead board is not 
a vapor barrier. Extruded polystyrene board 
(usually colored blue) and polyisocyanurate 
board are both vapor barriers and do not need 
additional vapor protection. 
Exposed plastic foam boards of all types do 
present some fire hazard. This may be signifi-
cant if the furnace is located in the crawl space 
or if the entire crawl space is used as a heating 
plenum. 
The polyethylene film covering the ground 
surface should not be extended up over the in-
sulation but rather a separate vapor barrier 
should be installed on the inside surface of the 
insulation. If a single barrier was used, the 
moisture vapor below the ground cover could 
flow upward into the insulation. If batt-type 
insulation is used, either suspended from a 
nailing strip on the plate or supported by fur-
ring strips, a continuous vapor barrier should 
supplement any vapor barrier incorporated in 
the batt or blanket to minimize the number of 
joints in the vapor barrier. 
Heating Systems 
Heating systems which supply heat near the floor 
or along the exterior walls of the house are very 
effective for a crawl-space house, since they elim-
inate or reduce uncomfortable drafts along the 
floor. For this reason, perimeter heating or 
baseboard heating is recommended. In a warm 
air perimeter system, the heat can be distributed 
either through ducts in the crawl space or by 
using the closed crawl space as a plenum. The in-
sulation and ground cover selected for a plenum-
type crawl space should be fire-resistant. 
A down-flow furnace installed in a closet or 
utility room is preferred. A horizontal furnace 
located in the crawl space is difficult to service 
and requires that the crawl space be left open to 
provide combustion air. A furnace located in the 
garage at the end of the house requires longer 
ductwork, with reduced air flow and tempera-
tures at the far end, and heat lost from the furnace 
jacket is wasted. 
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The most common heating system in crawl-space houses uses 
a down-flow warm air furnace with the plenum and complete 
duct system located in the crawl space. 
Sometimes the entire crawl space is used as a plenum for a 
down-flow warm air furnace . Stub ducts point toward heat 
outlets, which are holes cut in the floor and covered with 
register grilles. 
A heating system using a horizontal warm air furnace located 
in the crawl space is sometimes used, but it is difficult to ser-
vice and requires an open crawl space. 
University of Illinois SHC-BRC 
TERMITE CONTROL 
Periodic inspection for subterranean termites is a 
good practice in areas where infestations occur. 
Termites may enter a structure at any one of sev-
eral points - often through untreated wood in 
contact with the soil. Common entries are 
wooden steps and supports, dirt fills under 
porches, and around wood-framed access open-
ings with wood sills at or below grade. 
When the wood is some distance from the 
ground, the termites may construct a shelter tube . 
This small tube, composed mainly of earth, wood 
particles, and excreta, is built to enable termites to 
move back and forth between the nest and un-
treated wood. These tubes have been found on 
the surface of concrete slabs, on concrete piers in 
the crawl space, on one or both surfaces of the 
foundation walls, and in the cavities of hollow 
masonry. 
Termites can also enter through or around im-
properly installed termite shields. Cracks and ex-
pansion and construction joints in concrete slabs 
and other concrete work also provide excellent 
passageways. If a colony is present below the ex-
cavated area, easy entry to the structure can occur. 
Untreated wood embedded or left in the concrete 
may permit direct access to the interior partitions 
of the structure . 
Several common construction practices raise 
the probability of termite attack. These include: 
leaving scrap pieces of wood, fiberboard, paper, 
or other wood items under or near the foundation 
or in the backfill around the foundation walls; 
construction details which make future inspec-
tion difficult; leaving untreated form boards and 
grade stakes embedded in the concrete; failure to 
provide treatment for the soil where wood is close 
to the soil and where termites can travel from the 
soil to wood without possibility of visual 
detection -especially in masonry veneer con-
struction when the masonry extends below 
grade; and inadequate chemical treatment. 
Termite Shields 
Termite shields are used to provide a mechanical 
barrier between the nest and the food supply. The 
key to the effectiveness of the termite shield is 
proper installation and continuous inspection. 
The latter is feasible only where both edges of the 
shield are open to inspection, which means the 
crawl-space area must be deep enough to permit 
easy access for such inspection. 
The termite shield is a strip of metal placed be-
tween concrete or brickwork and wood to force 
the termites to build shelter tubes where they can 
be seen. A shield should be made of a durable 
metal, such as zinc, copper alloy, copper, teme-
F4 .4 Crawl- Spa ce Houses 
plate, or galvanized iron or steel. Copper-plated 
paper products are not acceptable. 
The main problem with termite shields is in-
stallation. A termite can move through a hole as 
small as 1/32". Thus, the shield should be sol-
dered completely at all seams, at overlapped 
comers, and at other breaks or holes in the metal. 
Openings around anchor bolts, plumbing and 
heating ducts, and other breaks should be sol-
dered or filled with coal-tar pitch. For best results, 
the shield should be at least 8" above the ground 
level with a 2" lip extending horizontally on each 
side of the foundation or pier and an additional2" 
bent downward at a 45° angle. For appearance and 
safety reasons, the extension on the outside of the 
foundation is often bent down or omitted, but the 
effectiveness of the shield is probably reduced. 
Remember that a termite shield does not pre-
vent infestation. It does force termites to build 
shelter tubes so that the infestation can be seen 
and further treatment applied. 
Soil Treatment . 
Although soil treatment was developed primarily 
to control infestations in existing structures, the 
most effective time to apply the chemicals is 
during the construction of the foundation. Mter 
construction has been completed, treatment is 
more expensive, time consuming, and, in some 
cases, practically impossible. 
The principle of termite control with chemical 
barriers is to isolate the structure from the ter-
mites. Most reputable pest control operators sug-
gest re-inspection one or more years later for 
existing structures. For extensively infested 
buildings, some of the termites, including sec-
ondary reproductives, may be trapped in the 
wood above the chemical barrier and on occasion 
have been able to find a new path back to untreat-
ed soil, thereby re-establishing a colony. This is 
especially true since the trend in chemical control 
has been to treat only around or near the infested 
area. 
For more information on current housing 
topics, subscribe to "Council Notes," a quar-
terly series from the University of lllinois 
SmallHomesCouncil-BuildingResearchCoundl 
SPECIAL INTRODUCTORY PRICE! 
2 years for $5.00 
Call and order today! 
1 - 800 - 336 - 0616 
Visa and MasterCard accepted 
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PIER CONSTRUCTION 
Where the outside walls and the outer edge of the 
floor of a house rest upon a beam supported by 
piers, the crawl space is usually enclosed by non-
load-bearing (curtain) walls placed between the 
piers. (In some instances, the curtain wall may 
support the masonry veneer walls above it.) 
The footing for the curtain wall should be 
poured integrally with the footings of the piers, 
unless the bottom section of the curtain wall is 
reinforced to span between piers. 
Common size limitations for pier construction 
are given below: 
Minimum 
Piers 
Concrete 
Dimensions Limit on Height 
8" dia. 10 times the least 
dimension 
Solid masonry 8" x 12" 10 times the least 
dimension 
Hollow masonry 8" x 16" 4 times the least 
Curtain Wails 
Concrete 
Solid masonry 
4" 
4" 
Hollow masonry 4" 
dimension 
14 times thickness* 
14 times thickness* 
10 times thickness* 
* Unbalanced fill against a 4-inch curtain wall should 
not be higher than 2 feet. 
KEY TO ILLUSTRATION 
A- Poured concrete continuous wall footing 
either 12" x 6" or 16" x 8", preferably with two 
round, 1/z" steel reinforcing rods. 
Size of footing depends on bearing value of 
soil. Footingsspecifiedabovearesuitablefor 
most conditions. 
B- For frame houses, 8-inch masonry wall or 
6-inch poured concrete wall. (Check local build-
ing code.) 
Where the exterior walls to be supported by 
the foundation are thicker (as in solid masonry 
or masonry veneer house, the foundation wall 
must be correspondingly thicker. The founda-
tion wall should extend at least 8 inches above 
grade and remain exposed at least 6 inches. 
C - Masonry wall cap. 
A hollow masonry foundation wall must be 
capped with a course of solid masonry or a 
4"poured concrete cap reinforced with #14 
wire mesh 2" x 2". 
]) - Ground cover. 
4- or 6-mil polyethylene film. 
E - Metal termite shield. 
Use corrosion-resistant metal which is stiff 
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FOUNDATION WALL CONSTRUCTION 
enough to retain the form shown-26-gauge 
galvanized iron or 16-ounce copper. Where 
anchor bolts penetrate the shield, the area 
should be well-sealed with coal-tar pitch or 
tight lead washers. Need not be installed if 
soil poisoning is used. 
F- Sealer for the sill plate. 
Use material similar to expansion joint or a 
fiberglass sill sealer. 
G - Sill plate 2 x 6, anchored with 1/z" bolts, 8 
feet on center-minimum of two bolts to each 
piece of sill. 
Lumber that is pressure-treated with pre-
servative is recommended for sill plate 1) to 
prevent decay in lumber likely to be caused by 
condensation, and 2) to discourage termites. 
H - Header or box sill. 
I- Joists. 
J - Foundation-wall insulation. 
K - Band joist insulation. 
L - Vapor barrier. 
M - Footing tile. 
N - Coarse gravel backfill. 
0 - Parging and waterproofing. 
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COUNCIL NOTES 
FS.O NOISE CONTROL 
What is noise? It may be your neighbor's lawn 
mower, a low-flying aircraft, a dripping faucet, a 
baby's cry, or someone else's choice of music. 
Noise is unwanted sound. Many sounds are de-
sirable-music (yours), conversation, warning sig-
nals, and the soothing background sounds of wind, 
waves, and people. The problem is to control noise 
without eliminating sound. 
Noise is a vibration in the air (or some other 
material). It begins at a source and follows various 
paths to the receiver-our ear. Sometimes the source 
can be cut off or reduced in volume. Most often, 
noise is controlled along its path to the ear by 
interrupting that path, making it longer, or reduc-
ing the amount of sound reflected from various 
surfaces. Noise can be controlled at the receiver 
by blocking it with ear plugs, or masking it with 
other background sounds. 
Noise can be controlled in the home. Here are 
some effective ways: 
COUNCIL NOTES Volume 5, Number 4 
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Plan for It 
Whether building a new home or buying an older 
home, consider its location carefully. Consider its 
distance from and relation to possible noise sources: 
What patterns of transportation are near it? You 
need not be near an airport to hear aircraft noise. 
Planes in a traffic pattern can be a problem up to 
15 miles from the airport. Trucks on an elevated 
expressway drone on through the night. If the 
expressway is below ground level or hills and 
buildings block it from view, the noise may be 
greatly reduced. Ask your prospective neighbors 
about any local noise problems. Keep your distance 
from known noise sources. Sound fades with 
distance. 
Sound can be reflected by hard surfaces, such 
as walls, other buildings, or hills. A barrier close 
to the noise source or receiver is often quite 
effective. However, it must be between the source 
A berm or several rows of dense foliage will help 
deflect and absorb sound from a noise source such 
as a highway. 
and the receiver, or it may reinforce the noise by 
reflecting it back to the receiver. The surfaces of 
the house will reflect and absorb some outside 
noise, but loud noises will come through at un-
wanted levels. Houses built with double walls, 
super-insulation, and triple glazing will reduce 
sound transmission greatly. 
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In site planning, it is preferable that the long 
side of the buildings are perpendicular to the noise 
source. Any courtyards or patios should be on the 
side away from the source. Avoid placing buildings 
parallel to each other to reduce multiple reflections. 
Hiding a noise source with a hedge may have 
a psychological benefit, but the loudness will be 
The narrow dimension of a building should face the 
major noise source to minimize noise problems. 
Casement windows opening in opposite directions 
can reflect sound from one room to another. Windows 
swinging the same direction reflect sound away. 
FS.O Noise Control 
affected very little. Plantings do absorb sound 
slightly, and can reduce reflected sounds between 
buildings or within a courtyard. Scattered shrubs, 
a continuous row of trees, or a hedge do not help 
much. It takes a dense forest, at least 25 to 50 
feet deep, or a solid fence, to reduce noise notice-
ably. 
A courtyard facing a noise source reflects the noise 
to all parts of the building. This type of siting should 
be avoided. 
Ordinary doors and windows do little to stop 
sound. Avoid using them on the noisy side of the 
building as much a possible. Tightly sealed doors 
and windows can be adequate in some cases. 
Casement windows should swing from the same 
side, or they may provide a reflected sound path 
between two rooms. 
Interior Planning 
The design and layout of your home can do much 
to control noise, often without additional cost. 
Good design practices can reduce noise problems 
greatly: 
e locate quiet spaces (study, living, sleeping rooms) 
away from any disturbing noise source. 
e locate the less critical spaces (kitchen, bath-
rooms, utility room) on the noisy side. 
e locate internal noise-producing areas away from 
the quiet spaces, both horizontally and verti-
cally. 
e spaces with mechanical equipment are best 
located on an outside wall. 
e plumbing risers and stacks to fixtures on the 
upper floors should not go through walls of 
quiet spaces. 
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Buffers can reduce noise transfer between spaces. 
A bookcase or storage wall will help isolate a 
bedroom or study that adjoins a living space. A 
closet will reduce noise between rooms, if the 
doors are kept closed. Back-to-hack closets are 
better. Doors opening into a hallway should be 
staggered, not located opposite each other. 
Sound Absorbers 
Some materials absorb sound well. Sound striking 
them is absorbed and changed to heat rather than 
being reflected. Typical absorbers are rugs, acoust-
ical ceiling tile, clothing, and mineral wool. While 
sound absorbers can be useful in controlling noise 
within a space, they do not reduce noise transfer 
to adjoining rooms. 
Most residential spaces do not need specially 
applied sound absorbers. The spaces are usually 
small, and some reflection does not change the 
sound quality as it might in a concert hall. 
Absorptive material placed within a heating 
duct can help reduce transmitted sounds. Surface-
mounted tiles on the walls and ceiling can reduce 
the clatter or machine noise in the kitchen or 
laundry. Too much sound absorption is not desir-
able, since low background sounds are useful to 
mask noise from other areas in the house. 
BR 
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With proper planning, the house can be zoned for 
noise control. Note that in this plan the mechanical 
and utility room is on an outside wall, the group 
area is separated from the sleeping area, and the 
sleeping area is buffered from the dressing area by 
closets. 
Reducing Sound Transmission 
Construction elements can be used to reduce the 
sound transmission between spaces. While no 
practical construction can stop all sound trans-
mission, some materials and assemblies are quite 
effective. Materials that reduce sound transmission 
are very different from materials which absorb 
sound. Two different methods can be used. 
Sound is reflected from hard surfaces almost undiminished. Soft surfaces absorb part of the sound and 
reflect the remainder. Thus, a kitchen, with hard-surfaced walls, floor, and ceiling, seems noisy, while a 
sound .source of the same intensity in a living room is acceptable because much of the sound is absorbed 
by the rug and furnishings and less is reflected to the ear. 
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e Provide a heavy, tightly-sealed surface, such as 
a masonry wall, painted or plastered on both 
sides to fill all holes, which will both reflect 
sound and resist the vibration that transmits 
sound. 
e Use lighter-weight construction, such as a wood 
stud wall, but isolate the surfaces. For example, 
the two faces of a standard wood stud wall can 
be isolated from each other by mounting one 
face on special spring clips called resilient chan-
nels, or by interrupting the vibration path with 
A plain stud wall with gypsum drywall on both 
sides has an STC rating of 32-36. Adding a second 
layer of gypsum drywall to each side will raise it to 
38-41. 
A single stud wall with sound deadening board under 
gypsum drywall on one side and gypsum drywall 
on resilient channels on the other has an STC rating 
of 44 to 47. 
A combination of suspended ceilings and partitions 
which do not reach the bottom of the floor above 
provide no sound privacy and make many work areas 
uncomfortable. 
FS.O Noise Control 
a soft material such as sound deadening board. 
If the wall is filled with a sound-absorbing 
material such as fiberglass insulation, 5ound 
transmission will be further reduced. 
e Party walls between apartments are a special 
problem and should use this construction, since 
we tend to be more tolerant of the noise made 
within our own living unit than noise made by 
our neighbors. Special construction may also 
be needed for walls between noisy areas such 
as playrooms and a quiet bedroom. 
A double stud wall on separate plates has an STC 
rating of 42 to 44. If insulation is added in one of 
the walls, it goes up to STC 50-53. 
A staggered stud wall on a common plate with sound 
deadening board under gypsum drywall on one side 
has an STC rating of 44-46. Adding insulation will 
raise it to 46-50. 
Special types of construction can interrupt the 
path of sound. However, sound, like water, follows 
the easiest path. If there is a path over, under, or 
around a barrier, the barrier can become useless. 
These paths often exist in attics, basements, and 
crawl spaces. 
e Common examples of unintentional sound paths 
are cracks at the top or bottom of a wall, 
electrical outlets or recessed cabinets back-to-
hack or installed in the same stud space, heating 
ducts, or through attics, crawl spaces, or base-
ments. A sound barrier can be effective only if 
all possible alternate paths are blocked or sealed. 
e A very small crack under or around a door or 
window increases the sound transmission sig-
nificantly. 
e Doors and windows, even tightly sealed ones, 
are a much better sound path than an isolating 
wall. Sound transmission through windows can 
be reduced by using more than one pane of 
glass. Transmission is reduced further if the 
panes are of a different thickness. 
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Sound transmission caused by impacts is difficult 
to control, especially between floors which separate 
spaces vertically. "Waiting for the other shoe tp 
drop" is an expression that must have been in1-
vented by an apartment dweller in a building with 
poor floor construction. 
e Impact noise on floors is best controlled by a 
combination of heavy, sealed construction, such 
as a 11/2" concrete overlay, cushioning of the 
floor with pad and carpeting, and mounting of 
the ceiling surface on spring clips or resilient 
channels. Other structure-borne noises may re-
quire the services of an expert to analyze and 
recommend corrective measures. 
e Heating and cooling equipment is a major noise 
source within the house. It should be chosen 
carefully, and installed to minimize sound trans-
mitted through the ductwork and from the 
furnace itself. If the furnace is in a closet in the 
living area, the closet walls should be of rna-
sonry construction or have the finish materials 
mounted on resilient channels. A solid-core 
wood or insulated metal door should be used, 
tightly weatherstripped. Combustion air should 
be taken from the attic or crawl space, not 
through wall or door louvers from the living 
area. The return air duct and plenum should 
be lined with acoustic material to absorb the 
fan noise. Canvas connectors should be used 
in the ducts to prevent vibration from the 
furnace from being transmitted to metal ducts. 
The furnace itself should be supported on vi-
bration isolating pads, and the openings around 
duct and pipe penetrations sealed tightly. 
e Duct openings to different rooms should not be 
directly opposite each other. Sound-absorbing 
ducts or duct liners should be used. Ducts 
should be sized to avoid air velocities of more 
than 1000 feet per minute, which create noise 
in the ducts and at the outlet grilles. All open-
ings necessary for ductwork to pass through 
the structure between living units must be tightly 
sealed. 
e Return air grilles located near the furnace fan 
should be acoustically treated. Duct hangers 
should be lined with resilient material. 
e Piping for hydronic heating systems should be 
wrapped with fibrous material for insulation 
and to reduce vibration. Flexible couplings 
should be used to isolate piping where it passes 
through party walls, and all openings around 
the pipes should be sealed. Pipes should be 
sized to limit the speed of flow, and provisions 
mus.t be made for venting of any air which 
might get into the system. 
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A floor-ceiling structure having carpet, pad, plywood 
subfloor, and ceiling gypsum board supported on 
resilient channels has an STC rating of 46 to 48. 
A floor-ceiling structure having carpet, pad, plywood 
subfloor, and the ceiling finish supported on separate 
ceiling joists has an STC rating of 51. The insulation 
need be only 2-3 inches thick. 
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Ventilation ducts from adjoining living spaces should 
be installed in separate stud spaces. Common ven-
tilation ducts are excellent conductors of noise. 
e If a steam system is used, all pipes must be 
properly sloped to prevent water traps. These 
are the cause of the machine-gun-like sounds 
from improperly installed systems. 
e Ventilation ducts from kitchens and baths in 
multiple-unit buildings can also cause problems. 
Avoid common vents for separate apartments . 
Ducts should be lined with absorptive material 
for six feet or more to absorb sound (except 
kitchen vents, which might accumulate grease) . 
If possible, avoid having ducts or pipes pass 
through party walls or floors. If necessary, seal 
all openings around the ducts with a resilient 
material to isolate them from the structure. 
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Structure-borne noise between units of a multi-
unit building can be reduced by avoiding any 
structural members which extend from one unit 
to another. This is done by leaving a space between 
the sides and ends of joists, and leaving a break 
in the subfloors at the party walls. Platform fram-
ing is better than balloon framing, since the studs 
are interrupted at each floor. 
Balloon framing has continuous stud spaces extend-
ing from one floor to another, transmitting sound 
freely. 
t ~ j)J~11ij I v .~ ~41 
Platform framing blocks the wall cavities at each 
floor, reducing vertical sound transmission. 
The bathroom presents special prob-
lems-especially back-to-hack baths in multi-family 
buildings. The door should seal tightly-weath-
erstripping works well. The tub or shower unit 
should be mounted on a resilient base, and the 
wall finish material should extend behind them. 
If medicine cabinets must be installed back-to-back, 
either surface-mounted cabinets should be used or a 
tightly fitted layer of gypsum drywall installed to 
separate the cabinets. 
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Mechanical equipment can be a major source 
of structure-borne noise. Choose equipment which 
is as quiet and vibration-free as is feasibie. It 
should be isolated from the structure with pads 
or special mountings. It can be surrounded with 
cabinets or walls, or a box lined with sound-
absorptive material. 
Quiet areas of the house should be located away 
from noisy utility rooms and mechanical equipment. 
e Back-to-hack medicine cabinets or electrical out-
lets provide a good path for sound travel. If it 
is not possible to locate medicine cabinets and 
electrical boxes in separate stud spaces for each 
bath, the cabinets should be surface-mounted 
and the wall between them filled with insula-
tion. If they must be recessed, a gypsum board 
barrier should be installed between them. 
Electrical outlets or other openings installed back-
to-hack can destroy the effectiveness of an excellent 
wall. 
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Measuring Sound 
Sound is measured in units called decibels. An 
increase of 10 decibels means that the sound 
intensity is ten times as great as before. To the 
ear, the effect is a sound judged twice as loud. 
The human ear can hear from 1 to 120 deci-
bels-from the slightest rustle of leaves to the 
earth -shaking roar of a rocket engine-a sound 
a million million times as intense. At 120 dec-
Masking Sound 
Complete silence seldom exists on our earth. A 
chamber deep in the earth, such as Carlsbad 
Caverns, is near to complete silence-no light; no 
life; no wind or water; no temperature change; no 
movement. Most of us would not like to be there 
alone for very long. Quiet is pleasant, but silence 
is not. The normal low-level sounds of life around 
us are welcome sounds. The level of background 
sounds varies at different times and places. Sound 
levels may be high in the city at noon, and low 
in the country at night. 
We become accustomed to the sound level in 
our environment. We are no longer conscious of 
sounds. This background sound masks unwanted 
noises, reducing their level in our consciousness. 
Background sound can supplement sound absorp-
tion and sound isolation in reducing the effect of 
noise. Soft music in a restaurant can mask the 
clatter of dishes or nearby conversation. A fountain 
may mask the noise of nearby traffic. A fan can 
block the noise coming from a neighboring apart-
ment. Allowing some exterior noise to provide 
masking can make it feasible to use less expensive 
construction in some cases. 
You can have a quiet, healthful home by con-
trolling sound. Remember, noise can be reduced 
or eliminated at the source, interrupted along its 
path to your ear, or masked by pleasant sound-all 
preferable to ear plugs. 
Sound Transmission Class 
The ability of various types of construction to 
resist the transmission of sound is rated by 
Sound Transmission Class. For instance, a wall 
having an STC of 30 would be capable of 
reducing a noise level of 70 decibels to 40 
decibels on the other side of the wall. A con-
ventional 2x4 stud wall with 1h" gypsum board 
~all on both sides has an STC of 36. This 
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ibels, the sound can be felt. A whisper may be 
about 15 decibels, an average sleeping room 
about 25 decibels, ordinary conversation 57 
decibels, heavy street traffic 78 decibels, and a 
jet aircraft up to 140 decibels. Ear protection is 
needed at that level to prevent permanent hear-
ing loss if the sound persists for more than a 
few seconds. The average residence should have 
a sound level between 30 and 50 decibels. 
Additional information on specific ways to con-
trol sound in various circumstances is available in 
"Quieting: A Practical Guide to Noise Control", 
by Berendt and Corliss, National Bureau of Stand-
ards Handbook No. 119. 1976. Available from the 
Superintendent of Documents, U. S. Government 
Printing Office, Washington, D.C. 20402. 
Assaulted by external sources of noise, some build-
ings will never provide noise-free interiors. A pleas-
ant sound, such as a radio, can help mask unwanted 
noise. 
is not adequate for good sound isolation. A 
double stud wall with sound deadening board 
under the gypsum drywall on both sides has 
an STC of about 50, which can provide good 
sound isolation. However, this wall can be 
reduced in effectiveness to less than a standard 
2x4 wall by installing back-to-back electrical 
outlets in it. 
University of Illinois SHC-BRC 
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F6.0 INSULATING MATERIALS 
The increasing costs of heating and cooling make 
it more expensive to stay warm in winter and cool 
in summer. Insulation slows the movement of heat. 
A house constructed to reduce heat flow stays 
comfortable, winter and summer, because rooms 
remain at a more constant temperature. 
New insulating materials, and the more fa-
miliar ones, give the consumer choices in price 
and performance. With information on heat move-
ment and insulating materials, the consumer can 
make an informed choice. 
Conserving Heat 
Heat is transferred to and from of a house in three 
ways: by conduction, convection, and radiation. 
Conduction transfers heat directly, much like the 
handle of a cast iron frying pan receives heat from 
the burner through the body of the pan. Some 
materials, including most metals, are good con-
ductors. Most insulating products are poor con-
ductors. 
Convection is the movement of heat with the 
movement of a fluid. In heat transfer, air is con-
sidered a fluid. Heated air expands and rises. 
Cooler air moves in to fill the void created by the 
rising air, and it, in tum, is heated and rises. Some 
insulations limit heat transfer by preventing the 
movement of air. 
Radiation transfers heat energy by electromag-
netic waves. Light from the sun and warmth from 
a roaring fire are forms of radiant heat. Waves 
carry this form of heat from its source (the sun or 
a fire) to its destination (anything facing the heat 
source.) This is how the heat of the sun is able to 
cross the vacuum of space to reach the earth. Some 
insulations control heat flow by reflecting electro-
magnetic waves back toward their source. 
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Slowing Heat Transfer 
Material used for insulation is manufactured to 
reduceconvection,conduction,orradiation. When 
a raw material, such as glass, is a good conductor, 
the manufacturing process changes the raw ma-
terial (glass) into an effective insulator (fiberglass). 
Insulating materials are manufactured to: 
e Provide air spaces 
e Restrict air movement 
e Reflect heat back to its source 
Trapped air slows the rate of heat transfer. In 
winter, birds fluff their feathers to provide a layer 
of insulating air around their bodies. People living 
in cold climates put on layers of clothing. The air 
space between the layers slows the amount of 
heat lost by conduction and convection. 
Insulating materials use a similar principle. In 
fibrous insulation, air is trapped between the fibers. 
The smaller the individual air spaces, the better 
the insulation. As long as the air is trapped in a 
dead air space, there is little heat loss by convec-
tion. 
When fibrous insulation is compacted, how-
ever, the strands come in contact with each other. 
The strands can be made of a conductive material, 
such as glass. Conduction heat loss increases. The 
most effective density of fibrous insulation is usu-
ally a compromise between size of air spaces and 
the conductance of the material. 
Foams use air spaces to slow convection heat 
loss. These enclosed spaces may be filled with a 
low-conductance gas rather than air. Similarly, 
enclosed spaces are created between cells. With 
cell walls touching, convection cannot occur. Con-
duction heat loss is low because plastics, from 
which most foams are manufactured, are poor 
conductors. 
In addition to fibrous insulation and foams, a 
third type of insulation is effective in slowing heat 
transfer. Any surface, such as a wall or ceiling, 
will radiate heat to any other surface that is colder 
than it is. A reflective surface will bounce much 
of this radiant heat back toward its source, thus 
reducing heat transfer. Shiny, metallic surfaces, 
such as foils, reflect much of the heat radiating 
toward them. Because they are very smooth and 
have a minimum of surface area, foils radiate very 
little heat to cooler surfaces around them. They 
are especially useful in hot climates where they 
reflect the heat of the sun during the cooling 
season. However, metals are also good conductors 
(remember the frying pan). To be effective, a 
reflective insulation must not be able to conduct 
heat between two adjacent materials. A 1/2" dead 
air space allows foil insulation to function as an 
insulator rather than a conductor. Because some 
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convection occurs in the air space, the effectiveness 
of reflective insulation varies with the direction of 
heat flow - up, down, or sideways. 
R-Value 
Building insulation cannot prevent the flow of 
heat. Insulation can only slow its movement. The 
ability of a material to slow the rate of heat transfer 
is called its thermal resistance, or R-value. The R-
value is a number describing how long it takes 
heat to move through the material. 
Heat is measured in Btus, or British Thermal 
Units. One Btu has about as much heat energy as 
is produced by burning a wooden kitchen match. 
Imagine a one-foot-square piece of material where 
the temperature on one side is one degree cooler 
than the temperature on the other side. The R-
value of that material is the number of hours it 
takes for one Btu to move from one side of the 
wall to the other. If it takes longer for heat to 
move through the wall, the R-value is higher. It 
will take a Btu eleven hours to move through R-
11 insulation, but it will take nineteen hours for 
it to move through R-19 insulation. Thus, R-19 
insulation has greater insulating ability than R-11 
insulation. 
Sometimes, the insulating value of a material 
is stated in terms of its conductance or conductivity, 
which is represented by its U-value. The U-value 
is 1/R. The lower the U-value, the greater the 
insulating ability of the material. 
The temperature difference between the inside 
and outside of a building plays an important part 
in determining how much insulation is needed. 
Temperature differences act much like water pres-
sure in a hose: the greater the temperature differ-
ence, the faster the heat moves. Buildings in cold 
climates will need more insulation to achieve com-
fort than buildings in temperate zones. 
This Btu is trying to pass through an insulating 
material. The ability of the material to resist the flow 
of heat is called the R-value. 
F6.0 Insulating Materials 
Federal Trade Commission regulations require 
that insulating materials be rated on the basis of 
the material alone (the material R-value), not on 
the performance of the material in a particular 
location (the system R-value). The system R-value 
will depend on the thickness and configuration of 
the air space and the direction of heat flow. Thus, 
although reflective insulation provides a real in-
crease in R-value when installed next to a dead 
air space, an insulation with a foil facing will not 
be rated for that installation, but on the perfor-
mance of the material alone. In choosing an in-
sulating product for a particular installation, the 
contractor or homeowner can enhance the insu-
lating value of the material by considering the 
system R-value. 
Properties of Insulating Materials 
Insulating materials should be chosen on the basis 
of other properties as well as the R-value. These 
properties affect the long-term performance of the 
insulation. The insulating value of a material can 
be affected by any of the following - age, impact, 
extreme temperature, ultraviolet light, moisture, 
chemicals, vermin, or fungi. In addition, some 
insulating materials are highly flammable, while 
others resist fire. 
Moisture. Permeability and water absorption are 
especially important. Water is a good conductor of 
heat, so any moisture that gets into insulation can 
reduce its thermal performance. 
Permeability is the rate at which a material 
will allow the transmission of water in its vapor 
form. Water vapor (steam) is not damaging by 
itself. However, when it loses heat and passes 
below the dew point, the vapor changes phase and 
becomes water. After passing through insulation, 
water vapor can condense on cold surfaces within 
walls and attics. The water or ice that forms not 
only reduces the effectiveness of the insulation but 
also can cause decay. 
Sometimes this problem is aggravated by ma-
terials on the outside of the house that stop trapped 
moisture from passing through to the atmosphere. 
Foil-backed insulating products and many rigid 
insulations are also very resistant to moisture pas-
sage. With tight, well-insulated houses, it is es-
sential that an airjvapor retarder be installed on 
the inside of the house to keep moisture from 
migrating into wall cavities, especially when foil-
backed or closed-cell foam insulation is used on 
the exterior. 
An air/vapor retarder is needed to protect 
fibrous insulating materials from moisture-carrying 
indoor air. A 4- or 6-mil polyethylene sheet should 
be used on inside surfaces of exterior walls and 
ceilings where winter design conditions are below 
freezing. 
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Fire Safety. Fire safety is an important concern. 
Two standardized tests rate materials for fire safety. 
The Flame Spread Index tells how fast fire will 
spread across a material. Noncombustible mate-
rials, such as asbestos, have a flame spread of 0, 
while dry red oak has a flame spread of 100. 
Flame spread ratings of less than 20 meet most 
fire-safety requirements for insulation. 
The Smoke Developed Index measures the den-
sity of smoke produced by a burning material, 
again with asbestos having a rating of 0 and dry 
red oak having a reference value of 100. Smoke 
causes more injuries than flames. Any material 
that contributes smoke at a rate similar to wood, 
or higher, should be recognized as a potential 
hazard. Some insulations must be protected from 
fire because of the toxic fumes produced when 
they bum. 
INSULATING MATERIALS 
Mineral Wool 
The term mineral wool includes three products -
rock wool, slag wool, and fiberglass. These three 
products have essentially the same properties. 
They are formed by melting the base material and 
spinning it into fine threads. Rock wool is made 
from limestone; fiberglass is made from glass; and 
slag wool is made from steel mill slag. 
Mineral wool insulations do not absorb mois-
ture, but a leaking roof or condensation in a wall 
cavity will saturate the wool and cause settling. A 
facing material, either foil or kraft facing, is some-
times needed to support the fiberglass in wall 
cavities. However, unfaced batts, used with a 
continuous vapor retarder, can be used just as 
easily. The foil facing on batt insulation is supposed 
to provide a vapor retarder. Faced batts should 
not be relied on to provide vapor retarders where 
these are called for. 
Mineral wool batts and blankets are about 99% 
air. The remaining 1% is spun fiber and phenolic 
binder. Because the mineral wools are made from 
common materials, this type of insulation is rela-
tively inexpensive. 
Where fireproof construction is required, min-
eral wool formed into semi-rigid fiberglass panels 
can be used. Panels can be faced on one side with 
an asphalted vapor retarder or aluminum foil. 
Unlike fiberglass batts and blankets, semi-rigid 
fiberglass panels, developed in Canada for cold-
climate basement insulation, can be used below 
ground to insulate basement or crawl-space walls. 
The fibers in the panels are oriented vertically to 
channel water down to the footing drain tile. 
All types of mineral fibers are also available 
in the 1orm of loose fill, which can be blown into 
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closed cavities or spread over horizontal surfaces. 
During the blowing process, an adhesive can be 
added which sets up and effectively forms a batt 
of insulation that will not settle. Mineral fiber 
insulation also can be applied to vertical surfaces 
in this manner. 
Wood Products 
Fiberboard. A commonly used exterior sheathing 
material, wood fiberboard is made from the by-
products of wood, sugar cane, or cellulose pro-
cessing, coated with asphalt or other binder, and 
formed into a rigid board. The board provides 
rigidity so that a wall can be constructed without 
diagonal bracing. Fiberboard can also be used as 
a nail base for the siding. It does have some 
insulating value as well. The material is treated to 
provide maximum fire, termite, and rot resistance. 
Cellulose. Cellulose is most commonly available 
as a loose fill . It is manufactured from shredded 
newspaper or wood products and treated with fire-
retardant chemicals. The greatest threat to cellulose 
is moisture. Cellulose performs adequately as long 
as any moisture stays in vapor form. However, 
water that leaks into the insulation or forms in it 
by condensation can saturate the fibers, reducing 
the thermal resistance of the material. The addi-
tional weight may also cause the insulation to 
settle, producing uninsulated areas. 
The most common chemicals used to make 
cellulose insulation fire-retardant are forms of boric 
acid. If humidity is high, the fire-retardant chem-
icals in the insulation may cause corrosion of truss 
plates, electrical conduit, or other metals. 
The R-value per inch of thickness is greater 
than that of the mineral wools because the cellulose 
fibers are poor conductors of heat. 
The insulating value of mineral fiber insulation 
varies with the density of the product. As the density 
increases, the size of the air spaces formed by the 
fibers gets smaller, increasing the insulating value. 
However, the contact area between the fibers in-
creases, increasing conduction loss. Insulation should 
be installed at the optimum density, as specified by 
the manufacturer. 
Un iversity of Ill inois SHC-BRC 
INSULATING FOAMS 
All ratings of rigid foams are based on tests of 
aged materials at 75°F. Most foams have higher 
R-values at the time of manufacture but decrease 
in R-value as they age. Aging affects polystyrene, 
polyurethane, and polyisocyanurate. R-values are 
higher at lower temperatures. 
Extruded polystyrene (PS). Polystyrene is pro-
duced from petrochemicals. Under high temper-
ature, polystyrene pellets are fed into an extruder 
and mixed with a blowing agent. Gas is trapped 
in the cells during the foaming process. The foam 
comes out of a slotted opening and expands to 30 
times its original size. The foam is usually man-
ufactured to the desired thickness. This creates 
cells with closed walls. However, thick blocks can 
be manufactured and then cut to expose the cells. 
This type of insulation can be stuccoed to provide 
insulation on the exterior of the building. 
Because of its closed-cell structure, extruded 
polystyrene is an effective vapor retarder. It is also 
one of the few insulating products that can be 
used for exterior foundation insulation. Although 
it retains its insulating value during in-ground use, 
it must be protected from sunlight and garden 
equipment. 
If the foam is installed inside the house, most 
codes require a 15-minute fire barrier (equivalent 
to 1/2" gypsum drywall) to protect occupants from 
the smoke produced from burning polystyrene. 
Expanded polystyrene (EPS). Expanded polysty-
rene is made in a two-step process. First, polysty-
rene pellets are expanded into a form called pre-
puff. The pellets are fed into a tank, where steam 
heats and expands the beads. Second, the ex-
panding pellets are fed into molds where they fuse 
into a solid block. After cooling and aging, the 
block is cut with hot wires into the desired shapes. 
Because the beads are cut, the expanded poly-
styrene will absorb water. Therefore, it should not 
be used in contact with the soil. Also, the R-value 
of the foam, per inch of thickness, is less than 
that of extruded polystyrene. 
Phenolic Foam. Like other rigid, closed -cell 
foams, phenolic foam has a high R-value. Aging 
has little or no effect on its insulating value. 
However, it is brittle, and edges of panels are 
easily broken. 
For those concerned about fire safety, phenolic 
foam has low flame spread and smoke character-
istics. Because it shatters into tiny, glass-like par-
ticles when sawed, eye protection and gloves should 
be worn during handling. 
F6.0 Insulating Materials 
Rigid foam insulations are made of tiny cells in close 
contact with one another. The air between the cells 
and the air (or other gas) trapped within the cell 
walls slows the flow of heat. 
Polyurethane. Polyurethane is formed when iso-
cyanate (aniline and formaldehyde) react with a 
polyol (polyester), either in a factory to form board 
material or on a surface when the materials are 
mixed in a spray. The resulting foam is rigid and 
adhesive. The foam is often used in composite 
panels or as an exterior, above-ground insulation. 
The foam cells are filled with a fluorocarbon 
gas, which is less conductive than air. The gas 
trapped in the cells can dissipate over time and 
cause some loss of R-value. To obtain an accurate 
estimate of long-term thermal performance, look 
for an aged R-value. In panels, the gas is often 
kept from escaping by a foil facing. Since foil is 
an effective vapor retarder, care must be taken in 
cold climates to avoid condensation problems. 
Although hard to ignite, polyurethane foam 
gives off poisonous cyanogen gas while burning. 
Because polyurethane foam also produces higher-
than-average amounts of smoke when it bums, 
the foam should not be left exposed in an occupied 
area. When the foam is installed inside the house, 
most codes require the equivalent of %" gypsum 
drywall to provide 15-minute fire protection. 
Polyisocyanurate. Polyisocyanurate foam is bas-
ically a urethane that has been modified to provide 
greater fire resistance, less smoke emission, and 
more flexibility. Polyisocyanurate panels are usu-
ally reinforced with glass fibers. Because they are 
less brittle than polyurethane but have similarly 
high insulating values, polyisocyanurate foams are 
often used as a core material in composite panels. 
Composite panels are particularly useful above 
open-beamed ceilings. They provide a finished 
ceiling surface, insulation, and a surface to which 
roofing can be nailed. Polyisocyanurate foam 
should not be used in contact with the soil. 
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Most Common R-Value 
Forms Per Inch 
• Loose fill 2.9-3.7 
• Blanket or batt 3.1-3.7 
• Rigid board 
-Wet-felted roof or core 
insulation 2.94 
- Resin binder 3.45 
Loose fill 2.9-3.7 
Blanket or batt 3.1-3.7 
Semi-rigid boards 4.0 
Loose fill 2.9-3.7 
Blanket or batt 3.1-3.7 
Loose fill 3.1-3.7 
Semi-rigid board used as 1.6 
exterior sheathing 
Cut-cell-surface rigid boards 3.8-4.0 
Smooth-surface rigid boards 4.4-5.0 
Rigid boards 3.8-5.0 
Rigid boards 6.28 
Foamed in place 5.8-6.2 
Foil-faced rigid boards 5.8-6.2 (aged) 
7.04 (not aged) 
Rigid boards 4.4-7.1 
Foamed in place 3.6-4.5 
Loose fill 2.7 
Rigid board 2.7 
Loose fill 2.1-2.3 
Foamed in place 3.9-4.2 
In ceiling & floor 2.0*-Heat flow up 
8.17-Heat flow down 
In wall 2.55 
• system R-values are given for 1 reflective surface installed 
next to a 3.5" air space. Values for 2 reflective surfaces are 
slightly higher. 
Durability 
Excellent 
Excellent 
Excellent 
Good unless wet 
Breaks down in sunlight. 
Otherwise good 
Good -loses some R-
value with age 
Breaks down in sunlight 
Good -loses some R-
value with age 
Good -loses some R-
value with age 
Excellent but easily bro-
ken 
Degrades with air move-
ment - use only in en-
closed spaces 
Excellent 
Excellent 
Excellent 
Excellent 
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Flammability and Dimensional Permeability and 
Toxicity Stability Moisture Absorption 
• Non-combustible • Fill to manufacturer's recom- • High permeability 
mended density to avoid settling • Not moisture-absorbent 
of loose fill in walls • If water-saturated, will settle 
• Fiberglass is noncombustible, but • Excellent for batts and boards • High permeability 
kraft facing and resin binders will • Loose fill may settle in walls if not • Not moisture absorbent 
bum applied with proper density • If water-saturated, will settle 
• Few fumes 
Same Same • High permeability 
• Not moisture-absorbent 
• If water-saturated, will settle 
• Excellent fire resistance when • Good in attics • High permeability 
treated with fire retardant. Retar- • To avoid settling in walls, fill to • Highly moisture-absorbent 
dant is slightly corrosive to build- manufacturer's recommended • Moisture ruins thermal resistance 
ing metals when humidity is high. density 
• Highly flammable Fair • Low permeability 
• Smoke is toxic • Low moisture absorption 
Protect with 1/2" gypsum drywall • Acts as vapor retarder 
• Highly flammable Fair • Highly permeable 
• Smoke is toxic • Slightly moisture-absorbent 
Protect with 1/2" gypsum drywall 
• Hard to ignite, but will burn Expands slightly from moisture or • Low permeability 
• Higher than average amount of curing • Acts as vapor retarder 
smoke • Low moisture absorption 
• Smoke highly toxic. 
Should not be left exposed in an 
occupied area 
• Least flammable plastic foam Good • Low permeability 
• Least smoke of all plastic foams • Acts as vapor retarder 
• Low moisture absorption 
• Low flame-spread Excellent • Varies with density 
• Low smoke 
• Low flammability 4%-20% shrinkage during curing • Highly permeable 
• Releases formaldehyde while cur- • Moisture-absorbent 
ing 
Excellent fire resistance Excellent • High permeability 
• Low moisture absorption 
Excellent fire resistance Excellent • High permeability 
• Low moisture absorption 
Non -combustible Excellent • Varies with density 
Non -combustible Excellent • Acts as vapor retarder 
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Ultralight Cementitious Foam. This product uses 
magnesite (concrete) instead of plastic to capture 
air in tiny bubbles. The foam is especially suitable 
for insulating masonry block walls. It is water 
resistant, contains no formaldehyde, and is rela-
tively strong at higher densities. It may not be 
available in all parts of the country. 
Urea-formaldehyde. Although banned for a time, 
urea-formaldehyde is now back on the market. It 
is manufactured on the job from a resin, a har-
dener, and compressed air, and is foamed into 
closed cavities. Urea-formaldehyde can have a 
high shrinkage factor if the proportioning of ma-
terials is not correct. It deteriorates in the presence 
of moving air, so it should only be used in fully 
enclosed spaces. Also, humidity and heat affect 
the curing of the foam, causing formaldehyde gas 
to be given off under certain conditions. Field 
conditions should be monitored closely if this foam 
is chosen. 
Mineral Fill and Board 
Cellular Glass Board. Cellular glass board is 
available in sheets or blocks. It is used in roofing 
applications because it has a high compressive 
strength and will not burn. It can be used in 
contact with the soil. However, it has a relatively 
low R-value, compared to the other insulating 
boards. 
The heat-fused, closed glass cells provide a 
vapor retarder. The material is brittle; edges and 
particles are sharp; and it can be shattered by 
nails. 
Perlite. An inert, lightweight granular material, 
perlite is made from superheated volcanic rock. 
Water in the raw material turns to steam when 
heated and causes the particles to pop like popcorn. 
The inert volcanic glass is treated with silicone to 
increase its water repellency. Because it is free-
flowing, perlite is used to fill cavities in block 
walls. It is also used as aggregate in plaster and 
composite roofing boards. It has a low R-value, 
but high fire resistance. Also, because of its high 
density, it is relatively expensive. 
Vermiculite. This free-flowing, granular insula-
tion is formed by expanding a form of mica by 
heating it, similar to the "popping" of perlite. It 
is used to insulate block wall cavities. Although 
vermiculite is not affected by humidity in the air, 
its insulating value can be reduced if water is 
present. Water fills the voids between particles and 
increases the overall conductivity of the wall. 
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A reflective heat barrier, shown stapled to the rafters, 
is used to reflect the downward flow of heat. Air 
chutes, stapled to the underside of the sheathing, 
provide air flow from the soffits. 
REFLECTIVE HEAT BARRIERS 
Although a radiant heat barrier is not, strictly 
speaking, an insulating material, polished metallic 
surfaces can be very effective in reducing the 
transfer of heat by radiation. In addition, radiant 
barriers work whether or not the air spaces facing 
them are dead air spaces or contain moving air. 
However, the system R-values for reflective in-
sulation depend on whether the flow of heat is 
up, down, or sideways. Foils with two shiny sur-
faces have slightly higher R-values than foils with 
one reflective surface. 
Insulated Sheathing Board. One of the plastic 
foam boards, faced with a polished aluminum foil, 
will combine conduction control with a radiant 
barrier. Since both surfaces of insulated sheathing 
are polished, either side can face the air space. 
Laminated Structural Sheathing Board. Certain 
types of laminated plywood or manufactured wood 
sheathing have a polished foil applied to at least 
one face of the sheathing. These can be used 
effectively as radiant barriers if the reflective side 
is placed next to an air space. 
Foil. Several foil products are designed exclusively 
for use as radiant barriers. Builder's foil is a single-
layer foil, much like aluminum foil used in the 
kitchen. Some builder's foils offer greater tear 
resistance than others. Foils are often laminated 
to a thin layer of another material (such as rein-
forced kraft paper) or may be formed by depositing 
a microscopic film of metal on a plastic sheet. 
These products can be single- or double-sided, 
and some are perforated so they do not form a 
vapor retarder. In addition, there are multi-layer 
foils with two to five layers. Again, these use air 
spaces to reduce conduction. 
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COUNCIL NOTES 
INTRODUCTION 
Where there is insufficient moisture in the air, the 
occupants of a home may suffer from drying out of 
the nasal passages and have increased suscep-
tibility to respiratory infections. There is the general 
discomfort of excessive static electricity in carpets 
and clothing, and shrinkage of wooden items such 
as furniture, resulting in broken or weakened glued 
joints. If the air is too dry, moisture can be added 
by using humidifiers or vaporizers. 
Where there is excessive moisture in the air, the 
problem is far more complex-but it can be solved. 
Excessive humidity can cause a number of un-
desirable conditions-some obvious to the ob-
servers but others not always evident or visible. 
Evidence of excessive moisture may present itself 
as: 
• Damp spots on ceilings or warm-side surface 
of exterior walls. 
• Water, frost, or ice on the room surface of 
double glass windows. 
• Moisture on basement walls and floors. 
• Paint blistering and peeling. 
• Ice and frost on the underside of roof sheath-
ing boards. 
• Fungus, mold, and mildew growth. 
• Delamination of plywood materials. 
It is sometimes difficult to tell the difference be-
tween problems caused by leaks and problems 
caused by moisture condensation. For example, a 
damp spot on the ceiling may be either. Careful ob-
servation of when the problem occurs will help find 
the cause. Moisture condensation problems occur 
largely in the cold season; leaks occur following 
periods of rain and blowing snow. 
This publication will describe the causes of ex-
cessive moisture, how condensation occurs, and 
some of the methods that can be used to control ex-
cessive moisture in the cold climates. 
Air and Moisture 
The air we breathe is really a mixture of two in-
visible gases-dry air and water vapor. Each of 
these elements may act independently, but they 
also act together. 
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For example, the amount of water vapor that can 
be contained in a given volume of dry air depends 
upon the temperature of that air; the warmer the air, 
the more water the air can hold. Consider a room 
with a volume of a thousand cubic feet (10' x 12.5' 
x 8'). With the air at a temperature of 75 "F, the room 
can contain as much as 1.4 pints of water (in vapor 
form), but if the air is at 45 "F, it can hold less than a 
half-pint of water. 
The moisture content of air is generally given in 
terms of relative humidity. As an example, 50% 
relative humidity means that the air is holding half 
the amount of water vapor that it could hold at the 
same temperature. Unfortunately, this method of 
indicating moisture content in the air is misleading, 
because it does not give a true picture of the actual 
amount of water in the air. For example, air at 30"F 
with a relative humidity of 80% contains about half 
as much moisture as air at 70 °F and 35% relative 
humidity. This is because, as mentioned above, 
warm air can hold more moisture than cold air. It 
also shows how bringing in cold outside air will 
reduce a moisture problem-the outside air is 
usually much dryer in terms of actual moisture than 
indoor air, and mixing it with the moist room air 
will lower the relative humidity in the room. 
At 100% relative humidity, the air contains all the 
moisture that it can hold, and is said to be saturated. 
The dew point temperature of a moist air mixture 
is the temperature at which saturation is reached 
and condensation first begins to appear. 
Condensation occurs when moist air touches a 
surface that is colder than the dew point of the air. 
If the cold surface is below freezing, the condensa-
tion will appear as frost. A common example of con-
densation is the water or frost which appears on 
windows in cold weather. Winter condensation and 
moisture problems are most likely to occur in 
climates where the average January temperature is 
35 "For colder. Where average winter temperatures 
stay above 35 or 40 "F, condensation does not seem 
to be a problem. 
A common example of moisture condensation is the 
glass of ice water that "sweats." 
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REDUCING MOISTURE AT THE SOURCE 
To avoid moisture condensation problems, it is 
necessary to limit the amount of water vapor in the 
house. One way to do this is to control the water 
vapor at its source. There are many sources of mois-
ture in the house. Mopping the floor in a 150-
square-foot kitchen can release 4 1/2 pints of water; 
a shower bath about 1/2 pint; washing the dinner 
dishes about 1/2 pint; and a family of four gives off 
about 1/2 pint of water per hour by just breathing 
(this is why bedrooms are unexpected moisture 
sources). It takes only 4 to 6 pints of water to raise 
the relative humidity of a 1000-square-foot house 
from 15% to 60%. 
As moisture is released in a house, it moves to all 
rooms by natural air movement and by the vapor 
pressure of the moisture. This is not an instan-
taneous movement like air rushing out of a balloon, 
but is a definite movement from the area of high 
vapor pressure (bath, kitchen, laundry) to other 
areas where the air is drier. 
One rule of thumb which can be used to tell the 
allowable relative humidity is this: When water or 
frost appears on the warm side of a double-glazed 
window (sealed double glass or a single-pane plus 
a storm sash) the relative humidity is too high. 
The following are some of the most critical mois-
ture sources, along with ways of controlling them: 
Poor Site Conditions 
• Grade the lot correctly for good drainage. 
• Use wide overhangs and/ or gutters and 
downspouts to divert rain water away from 
the foundation. 
Uncovered Ground in Crawl Space 
• Lay a vapor-resistant ground cover, such as 4-
or 6-mil polyethylene film, on the ground in 
the crawl space to stop the rise of water vapor 
from the ground. Provide foundation vents to 
let the moisture escape from the crawl space. 
Vapor Retarder 
Examples of properly insulated concrete floor slabs. 
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Concrete Floor Slabs (at or below grade) 
• Install a 4-inch base course of washed gravel 
or crushed rock under the slab. 
• Place a vapor retarder such as 6-mil 
polyethylene film between the base course 
and the slab. 
• Seal under-slab ductwork to keep water and 
water vapor out. 
• Provide drainage under concrete floors where 
ground water is likely to be a problem. Local 
architects and builders should know if there 
are problems. (See F2.0, Basement Construc-
tion.) 
Wet Lumber 
• Use only "dry'' lumber for construction, and 
keep it dry during the construction process. 
• Do not attempt to dry lumber or firewood in 
the house. 
Clothes Dryers 
• Vent clothes dryers to the outside. 
House plants 
• Restrict house plants to a reasonable number. 
Combustion Appliances 
• Do not use unvented kerosene or gas heaters. 
• Be sure the furnace and water heater are vent-
ing through the flues and not backdrafting. 
Kitchens, Laundries, and Baths 
• Provide an exhaust fan with manual switch, 
time-delay switch, or switch controlled by a 
humidistat. (Bathroom fans are sometimes 
connected to the light switch.) 
Humidifiers 
• Tum off the humidifier if there is any sign of a 
moisture problem. 
Existing Slab 
Rigid Insulation 
or Parging 
Footing 
Insulation can be added to the slab edge outside the 
foundation. 
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REDUCING MOISTURE BY VENTILATION 
A second major way to reduce the moisture content 
of the air is to dilute the moist room air with drier 
air. In the winter, outside air, which normally holds 
less actual moisture than room air, can be brought 
into the house. Exhaust fans cause some infiltration 
of outside air, but it is better to have a controlled 
source of ventilation air than to depend upon air 
coming through cracks around doors and window 
or from opened windows. Preferably, the amount 
of air brought in should be controlled, and the air 
should be heated and properly distributed. 
Many people object to the noise produced by ex-
haust fans. This problem can be reduced by using 
larger fans operated at a lower speed or, better yet, 
by installing remote outside fans with ducts to the 
spaces to be ventilated. 
An air-to-air heat exchanger, sometimes called a 
heat-recovery ventilator, which uses some of the 
heat contained in the exhaust air to heat the incom-
ing ventilation air, may be justified in northern 
climates. 
SURFACE CONDENSATION 
Condensation occurring on hard surfaces is easy to 
see. On absorbent surfaces, mold growth can begin 
when the relative humidity reaches 85%, even 
when condensation is not visible. 
Besides water or frost on windows, other ex-
amples that are often seen in the winter are: conden-
sation on metal that extends outdoors (such as 
uninsulated metal doors and window frames) and 
condensation on cool walls and floors. 
In summer, condensation may occur on cold 
water pipes, on cooling ducts, and on basement 
walls and floors. Condensation may occur on the 
outside of windows and in the framing system in 
areas with high outdoor humidities and extensive 
air conditioning. 
Raising Surface Temperatures By Heating 
Assuming the room moisture content has been con-
trolled, surface condensation can be avoided by 
raising the temperature of the surfaces. For ex-
ample, heat delivered to the room under windows 
and at the bottom of outside walls warms these sur-
faces and reduces condensation. Baseboard and 
floor registers of modern warm-air systems and 
baseboard radiation used with hot water or electric 
systems not only improve comfort but also help 
reduce moisture condensation problems. 
Raising Surface Temperatures By Insulating 
The temperature of the various surfaces in the 
house can be raised by the proper use of insulation. 
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Glass. In the average home, moisture condensation 
appears first on glass in windows and doors, be-
cause these are usually the coolest surfaces in the 
building. Except in unusual circumstances, the use 
of two layers of glass separated by an air space, such 
as storm windows, storm panels, or insulating 
glass, will solve the moisture condensation 
problem. Triple-glazing, the use of wave-length-
selective (low-e) glass, or high-performance glass (a 
combination of wave-length-selective coatings and 
an inert gas fill in the space between panes) will 
reduce chances of condensation further . 
Walls. The effect of insulation on the surface 
temperature of a frame wall is shown below. 
Masonry walls also require insulation to prevent 
surface condensation. 
0 Degrees 
(Outside Air) 
Insulation 
68 Degrees 
(Inside Air) 
0 Degrees 
(Outside Air) 
Insulated walls cause the surface temperature of the in-
side walls to be greater than the inside wall tempera-
ture of non-insulated walls. 
Foam plastic sheathing may raise the tempera-
ture of the inside surface of the sheathing to the 
point where condensation does not occur within 
the wall, even though the sheathing itself is a vapor 
retarder capable of trapping moisture in the wall 
cavity. 
Ceilings. Ceilings also must be insulated to avoid 
condensation problems as well as to reduce heat 
loss from the house. 
Concrete floor slabs. Slabs which are exposed to 
the outdoors at the edge are especially susceptible 
to moisture condensation. In colder climates, all 
such slabs should have edge insulation. (See the 
drawing on the next page.) 
Pipes and ducts. Moisture frequently condenses on 
cold water pipes, cold air ducts, and refrigerant 
lines, particularly in late spring and summer. To 
avoid condensation drip, pipes and ducts should be 
covered with insulation that has a vapor retarder 
on the outside, and the joints between sections of 
insulation must be sealed with vapor retarder tape. 
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CONDENSATION WITHIN THE STRUCTURE 
It is hard to tell if there is moisture condensation in-
side walls. One of the most frequent signs is peel-
ing of the exterior paint (See box on page 7). 
Sometimes the condensed moisture will soak the 
siding materials and cause a stain. The wall can be 
opened for inspection. If damp wood or insulation, 
ice, or mold are found, moisture condensation is the 
most likely cause, although water leakage could 
also be responsible. 
Condensation problems in roofs and ceiling are 
also difficult to find without inspecting the attic and 
roof spaces. Signs that can be seen include paint 
peeling on the gable ends and bottoms of over-
hangs, curled asphalt shingles, and damp spots on 
ceilings. Inspection of the attic and roof structure 
may reveal damp insulation, mold or mildew on 
roof sheathing, and other indications of deteriorat-
ing materials. 
How Moisture Condenses within the Structure 
The basic cause of moisture condensation within 
the structure is the same as for surface condensa-
tion-warm moist air strikes a cool surface and con-
densation occurs on that surface. The difference is 
that because the cool surface is located inside the 
structural parts of the house, the condensation is 
hidden. 
Eliminating Condensation within the Structure 
The first step in eliminating moisture condensation 
is to keep water vapor from entering the structure 
of the building. If moisture vapor could be com-
pletely excluded from the structural spaces, con-
densation could not occur. 
Moisture enters the cavities within the structure 
in two ways. The first is by air flow. Any air move-
ment from the living area into the wall or ceiling 
structure carries moisture with it. Leakage around 
light fixtures and outlet boxes, around piping 
penetrations, between the wall plate and the floor, 
etc., carries substantial amounts of moisture into 
the structure. The second method of moisture trans-
mission is by diffusion through the building 
materials. In vapor form, moisture can move 
through wood, plaster, gypsum drywall, and other 
materials. Although the rate of movement is slow, 
damaging amounts of moisture can be transferred 
in this manner. 
Retarders* 
Current knowledge indicates the desirability of in-
stalling an air retarder in all construction, and a 
vapor retarder wherever the average January 
temperature is 35 "F or colder (north of the Ohio 
River) or if there are exceptionally high indoor 
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humidities. However, vapor retarders should be 
used wherever any cold weather occurs. 
Combined Air-Vapor Retarders 
In areas where both are required, the air retarder 
and the vapor retarder may be combined by using 
4- or 6-mil polyethylene film. It must be installed 
near the warm surface of the wall or ceiling. 
Air Retarder 
An air retarder should be installed to reduce air 
movement into the stud and joist spaces. It is sealed 
at all joints and around every penetration. The air 
retarder may or may not be a vapor retarder*. The 
usual vapor retarder is 4- or 6-mil polyethylene, 
which can also serve as an air retarder. The vapor 
retarder is always installed on the warm side of the 
wall, but an air retarder that is not also a vapor 
retarder, such as Tyvek®, can be installed else-
where in the structure. Note that outside air in-
filtrating into the wall cannot cause condensation 
because it is being warmed and the relative 
humidity is dropping. Only air from the heated 
space moving toward the cold surface can cause 
condensation problems. 
Vapor Retarders 
The vapor retarder in walls and ceilings is usually 
installed in the form of a membrane such as: 
• Polyethylene film 
• Aluminum or other metal foil (usually paper-
backed) 
• "Duplex" (or laminated) papers, consisting of 
a continuous sheet of asphalt between two 
sheets of paper 
• Surface-coated and glazed asphalt-saturated 
building paper. (Ordinary asphalt-saturated 
roofing felt and building papers are not good 
vapor retarders.) 
Membranes may be attached to the back of the 
plaster base or wall finish (as in the case of foil-back-
ed drywall); aluminum foil or duplex paper facings 
are often attached to the face of blanket or batt in-
sulation; and polyethylene film is often used to 
cover the entire insulated wall, and is attached to 
the face of the studs. In remodeling work, a 
*The term vapor barrier was used in earlier editions of this 
publication. It was commonly used to indicate a material 
which had a permeance of less than one perm. However, 
the term barrier has been interpreted by some to mean the 
complete stoppage of air or moisture vapor flow. This is 
not possible due to the nature of the materials and/ or the 
impossibility of installing them so no leaks occur. To avoid 
this misunderstanding, the term retarder is used 
throughout this publication (and in some more recent 
literature). 
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Warm Side 
(Inside) 
Vapor Retarder 
Cold Side 
(Outside) 
Air Retarder 
An air retarder may be placed between the siding and 
the outside wall. A vapor retarder is placed behind the 
inside wall. 
membrane is sometimes applied to the existing wall 
surface and then a new interior wall finish installed 
over it. 
In an existing house where no remodeling is con-
sidered, two coats of oil-based enamel or a special 
vapor retarder paint can serve as a reasonably effec-
tive vapor retarder. 
If insulation is installed in a floor over an open 
crawl space in a cold climate, a vapor retarder 
should be installed above the insulation or between 
the subfloor and finish floor. If the crawl space is in-
sulated and heated, a polyethylene ground cover 
should be installed over the entire soil surface. In 
hot-humid climates with a ventilated crawl space, 
the air I vapor retarder should be installed across 
the bottoms of the floor joists. 
VENTING 
Since vapor retarders cannot be installed so that 
moisture penetration is completely stopped, it is 
advisable to take added precautions by venting the 
cavities in structural elements. Basically, the idea of 
venting is to relieve the vapor pressure in the cavity 
by providing a moisture-vapor vent to the outside 
air, which usually has a lower vapor pressure. All 
vents to the outside air must be screened to prevent 
insects from entering structural spaces, and may re-
quire a moisture-permeable air retarder to prevent 
air circulation within the structural spaces. Air 
moving through insulation can substantially 
reduce its effective insulating value. 
Attics 
Attic ventilation is essential. The specifications of 
the Federal Housing Administration recommend 
that, if a vapor retarder has been installed in the ceil-
ing, the net free area* of attic ventilators be 
equivalent to one square foot for each 300 square 
feet of attic area. If there is no vapor retarder in the 
ceiling, the ventilation area should be doubled. 
Best results are obtained when the ventilation 
area is uniformly distributed along the roof and is 
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Continuous Eaves Vents 
Continuous Eaves Vents 
Continuous ridge vents and slots in the overhangs are 
the best way to get a good distribution of air flow. 
equally divided between high and low. The com-
bination of continuous slots in the overhangs and a 
ridge vent gives the best overall distribution of air 
flow. The high-low location of the vents takes max-
imum advantage of thermal convection to move the 
air through the attic. 
Walls 
There are a number of methods to vent frame walls. 
As a guide, each stud space should have vents 
totalling one square inch of free area. 
Vents in top plate. In one-story construction, holes 
may be drilled in the top plate to vent the wall 
Typical top plate vent with permeable air retarder 
material to reduce air movement in the stud space. 
*To obtain the net free area of a ventilation opening that 
is covered with a 16-rnesh insect screen, divide the area of 
the opening by two. If it has both a screen and louvers, 
divide t~e area by three. 
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cavities to the attic. Use three 5/8" diameter holes 
per stud space. Experience has shown that this 
precaution is likely to eliminate any vapor problem 
which might result from any "leak" in the vapor 
retarder. The vents should be covered with a per-
meable air retarder, such as Tyvek®, to reduce air 
movement in the space. 
Vents in siding. In an existing house, siding may 
be vented by installing wedges between the siding 
boards to permit air flow across the back of each 
piece. 
Venting by furred siding. In new construction 
where the vapor problem is expected to be severe 
due to very tight siding materials, it is desirable to 
building the wall so as to have a vented space im-
mediately inside the exterior cladding material. 
This system has the added advantage of reducing 
the sun load on the walls, and may reduce the 
problem of cupping and warping of wood siding 
installed over non-absorbent sheathing. 
Screened Vent 
Wedge 
Siding 
Concrete 
Block · 
A screened vent or wedges between the siding and the 
outer wall permit air flow. The wall can also be built to 
provide a vented space directly behind the siding. 
PAINT PEELING 
Paint peeling and/ or blistering may result from con-
densation of moisture within the house. Characteristi-
cally, the blisters will contain water and the paint peels 
down to bare wood. (Poor paint, faulty application of 
paint, and exterior moisture also cause paint troubles, 
but they are not within the scope of this circular.) 
Typically, the moisture in the room penetrates the walls 
until it reaches the underside of the exterior paint. The 
building materials through which the water vapor has 
passed are porous; the paint is not. As a result, the 
moisture gathers underneath the paint, forms blisters, 
and eventually the paint peels away from the wood. A 
membrane vapor retarder and I or air retarder 
eliminates such difficulties by preventing the moisture 
from entering the walls. 
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Crawl-space Ventilation 
Crawl spaces should be vented to permit ~ater 
vapor to escape. If a ground cover is used, one 8" x 
16" vent for each 350 square feet is needed, with a 
minimum of four vents. See F4.4, Crawl Space 
Houses. Foundatiqn wall ventilators are not re-
quired for a basementless space one side of which, 
exclusive of structural supports, is completely open 
to a basement, except that basementless spaces 
having a greater area than the basement shall be 
separately ventilated. 
In most instances, ground covers such as 
polyethylene have proven so effective that the vents 
may be closed in both winter and summer. 
PROBLEMS: 
Attic 
Evidence: Water, frost or mold on underside of 
roof; water or frost on nails, soil pipes, etc. 
Cause: Too much moisture in the attic which is con-
densing on the cold surfaces. 
Cures: Install vapor retarder in ceiling; seal. holes 
around pipes and ducts extending into the attic; in-
crease attic ventilation and improve its distribution. 
Check all moisture sources. 
Living Area 
Evidence: Moisture or dampness on ceilings at 
edges near outside walls. 
Cause: Ceiling insulation not properly installed at 
outside wall (it should extend over the wall plate 
and be fastened down to it). Wind blows under in-
sulation and chills outer part of ceiling. 
See sketch. 
Cure: Reposition insulation, install air chutes. 
Evidence: Dampness or moisture at top of exterior-
walls. 
Sometimes this situation can be cured by venting. Vent-
ing each stud space permits the moisture to escape 
before it condenses. 
This problem sometimes first occurs after an older 
house has been newly insulated. A combination of fac-
tors contribute to the problem-the addition of insula-
tion reduces the amount of leakage through the walls, 
and usually there is no vapor retarder in older houses. 
Whenever possible, a vapor retarder should be installed 
when an older house is insulated. Two coats of oil-based 
enamel provide a reasonably good vapor retarder. Ab-
sence of a vapor retarder, however, does not always 
result in a condensation problem; sometimes the mois-
ture levels in the house are so low that no problem arises. 
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Wind blows under the insulation and produces mois-
ture and dampness at ceilings and walls. 
Cause: Insulation in wall may have settled, leaving 
the upper portion uninsulated. Leakage from ice 
darns on the roof is also a possibility. 
Cure: Correct insulation; install eave flashing to 
prevent ice darn leakage. 
Evidence: Moisture around or dripping from light 
fixtures, heating/ cooling outlets. 
Cause: Outlets are usually metal and they may be-
come cold. Condensation is formed when the moist 
room air strikes the cold surface. 
Cure: Make sure insulation covers ducts, etc.; avoid 
recessed lighting fixtures, close cooling ducts 
during winter. 
Evidence: Mildew on walls and contents in closets 
on exterior walls. 
Cause: No heat source and inadequate air circula-
tion in closets allow walls to cool. 
Cure: Add insulation when possible; install 
louvered doors; reduce humidity in the house. 
Exterior Wails 
Evidence: Exterior paint is blistering and peeling in 
irregular pieces; blisters contain water. 
Cause: Lack of an air and/ or vapor retarder has 
permitted moisture vapor to push its way into the 
wall where it has condensed on one of the outer 
layers of the construction. Eventually this excessive 
moisture pushes its way to the exterior surface and 
damages the paint surface. 
Cure: Check moisture sources. Install wedges be-
tween siding boards for air circulation. Use a 
porous exterior finish, such as a heavily pigmented 
stain. 
WINDOWS 
Evidence: Moisture, frost, or ice on window glass, 
or on metal frames and sash; paint peeling and 
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decay on wood members. 
Cause: Single glazing is usually inadequate in 
moderate climates; glass becomes too cold in 
winter, condensation runs into sash or frame. 
Cure: Use double glazing (install temporary or per-
manent storm windows or insulating glass). A heat-
ing outlet under the window will often help. 
Double glazing alone is not likely to be effective in 
bathrooms, kitchens, and laundry areas because of 
the excessive moisture generated in these spaces. 
Ventilation to reduce humidity in these areas is re-
quired. 
Evidence: Moisture condensation on the inside sur-
face of a storm window. 
Cause: Interior window is less tight than the storm 
window. As a result, moisture leaks past the main 
window and comes in contact with cold glass of the 
storm window. 
Cure: Loosen the storm sash slightly or provide 
vapor vents by two 3/8" diameter holes top and bot-
torn; or seal interior window more tightly. 
FLOOR 
Evidence: Moisture or frost near the edge of a con-
crete floor slab. 
Cause: Slab edge and foundation are not properly 
insulated. The slab loses heat to outside and be-
comes cold. 
Cure: Slab may be insulated by placing insulation 
on the outside (See illustration F). Sometimes con-
densation may be eliminated by installing heating 
elements near the outside wall, but this does not 
solve the basic problem. 
BASEMENT 
Evidence: Dampness and moisture on walls, floors, 
pipes, etc. during spring and summer. 
Cause: Walls and slabs are cold after winter; warm 
moist air of spring and early summer strikes the 
cold surfaces and condenses. 
Cure: Do not bring in outside air. Outside air is 
usually very moist at this time of the year and the 
problem will be increased if such air is brought into 
the house. Insulate the walls and pipes, increase air 
circulation within the house and u se a 
dehumidifier. 
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Window Plannmg Principles 
Windows can make your 
house lighter and more 
comfortable. Windows also 
play an important part in 
your home's design. This 
publication describes how 
to choose windows for 
view, ventilation, and 
energy efficiency. 
T 
WHAT WINDOWS CAN DO 
Windows admit light, provide ventila-
tion, and enhance the view. Windows 
control heat loss in winter. During a fire, 
you can use windows as emergency exits. 
Not all windows do all of these 
things. In fact, some of these functions 
may conflict with each other. For in-
stance, windows are expected to admit 
daylight, but not create glare. They are 
expected to provide an outward view, 
but not diminish privacy. And although 
windows are used for ventilation, they 
must also control air infiltration. During 
chilly winter months, sunlight streaming 
through windows helps warm the house. 
But in the summer windows must con-
trol sunlight or the house may get too 
warm. In emergencies, you can escape 
through window exits, but windows 
must keep burglars from getting in. 
In addition to these practical concerns, 
your home's windows must be located to 
provide a pleasing architectural appear-
If windows are grouped to provide one 
large opening, the light is more evenly 
distributed within the room, and 
furniture placement is often made easier. 
This window placement is more 
suited to contempory or informal 
architectural styles. 
2 
ance, both from the inside and outside 
the house. As you plan your house, you 
will have to decide which functions are 
most important for each window. 
WINDOWS FOR LIGHT 
While homes with windows are bright 
and pleasant, too much sunlight can 
make rooms uncomfortably bright. And 
rooms with dark comers and bright 
splashes of sunlight tire your eyes. 
Windows should control the amount of 
light that comes into the room. 
These principles can help you decide where to 
place wi11dozus so that light will spread evenly 
through the room: 
.A. The location of the window openings in 
the wall tends to control the contrast and 
brightness . Providing one large opening in 
a wall instead of several small ones results 
in a different effect in the room. One large 
window can distribute light more evenly 
than several small windows . 
For a broad distribution of light, you 
can use short, wide windows. Tall, narrow 
windows give a thin, deep distribution of 
light that penetrates well into the room. 
Placing the window high in the wall 
will extend the depth of light penetration 
into the room. This is because more sky is 
visible through the upper part of the 
window, and the overhead sky is brighter 
than the sky at the horizon . 
.& Bay windows or corner windows can 
create pleasing aesthetic effects or improve 
the view. But they do not increase the 
amount of light penetrating the room . They 
can also be more difficult to shade during 
summer. 
The amount of daylight entering a 
room can be enhanced by using light col-
ors on the ceiling, walls, and floors. Light 
colors reflect daylight best. But surfaces 
should not be shiny, or else they will cap-
ture the glare as well as the light. 
Window treatments can also enhance 
natural light. Draperies, curtains, shades, 
and other window hangings should be 
placed above the head of the window 
and to the side of the window frame in 
order to make the entire glass area avail-
able to admit light and sun. 
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WINDOWS FOR VENTILATION 
Natural ventilation of a house is mainly 
a problem in the summer. Orienting the 
building properly can make it easier to 
plan the best location for windows. In 
most parts of the country, summer 
breezes come from a different direction 
than winter winds. Landscaping, siting, 
and window location can block undesir-
able winter winds, yet accept cooling 
summer breezes. Unfortunately, the loca-
tion of windows for admission of light, 
dJ 
Air moves through the house as a result of the difference 
in air pressure between the windward and leeward sides 
of the house. The placement of interior partitions can 
obstruct or direct the flow of air through the house. 
as described in the previous section, 
often conflicts with the window sizes 
and locations which produce the best 
ventilation. Knowing how air moves can 
help you plan window locations to cap-
ture summer breezes. 
How Air Moves 
Air moves because of differences in tem-
perature or differences in pressure. In 
one-story houses, the movement of air 
caused by differences in temperature is 
negligible. Therefore, window placement 
should be governed by the movement of 
air due to pressure difference. 
A high-pressure area is created when 
the air strikes a building. Low-pressure 
areas-are created as the air moves over 
and around the building. Air flows from 
high-pressure areas outside, through 
ventilation openings, through the house, 
and out to areas of lower pressure. To 
speed the movement of air within a 
room, the openings through which the 
air leaves the house should be larger 
than those through which it enters. 
Obstacles iri the path of moving air 
cause it to change direction, thus slowing 
it down. These obstacles might include 
trees, shrubbery, or fences on the outside, 
and partitions, walls, or furniture inside 
the house. Because the cooling effect of 
air depends upon its speed, obstructions 
within the house should be minimized. 
Warm air tends to rise, and, in two-
story houses or houses with operable 
clerestory windows, this characteristic 
can be used to aid air movement. Air 
entering through the first-floor windows 
can be directed up to second-floor or 
clerestory windows. (A "clerestory" is a 
short wall built above a roofed section of the 
house.) A clerestory with operable 
windows will bring light and ventilation 
into the house. In a single-story house, 
you can also take advantage of warm air 
rising. To ventilate a single-story house 
this way, however, you must use large ex-
haust fans. The use of whole-house ex-
haust fans is described in Circular G6.0, 
Summer Comfort. 
Window Planning Principles 
Enhancing Summer Cooling 
The angle at which the air enters and 
leaves each room affects air movement in 
the entire house. This angle depends 
upon the location and type of window. 
The following recommendations may be used 
as a guide in the placement of ventilation windows: 
A Locate the house and the ventilation open-
ings to take full advantage of prevailing 
summer breezes. Do this by determining 
the high- and low-pressure areas as defined 
by the shape of the house . 
A Plan landscaping, interior partitions, and 
furniture locations so they do not interfere 
with air movement. 
If possible, place the house so existing 
buildings and hills do not divert the 
wind from the house in the summer. 
Plant windbreaks where they will deflect 
the prevailing winter winds. 
The height and hjpe of window can also affect the air movement 
in the room. For summer comfort, the air should flow across the 
room at the level of occupancy. If the air flows along the ceiling, 
the room can still be uncomfortable. 
Some types of windows direct the air flow up or down, making 
them more suitable for high or low placement in the wall. See Cir-
cular Fll.l, Selecting Windows. 
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WINDOWS FOR VIEW 
Planning for view involves more than 
putting windows in the right places. 
Generally, the house must be turned or 
sited so the living room or dining room-
the public spaces in the house-can take 
advantage of the view. However, some-
times the designer finds it necessary to 
create a pleasant view to hide an alley. 
And you can also place windows next to 
a children's play area or private patio ad-
joining a master suite. Well-planned 
glass areas visually extend the indoor 
space outward, making outdoor areas an 
integral part of the house. 
Problems in window placement arise 
when a house is oriented to face a natu-
ral view to the east or west. Windows fac-
ing the rising or setting sun are difficult 
to shade. 
Direct sunlight streaming through 
east- or west-facing windows can heat 
up rooms during the summer. Low-
emissivity glass ("low-e" glass) or glass 
with reflective coatings can reduce the 
solar gain without cutting off the view. 
View windows on the south can be pro-
tected from the sun by a roof overhang. 
Windows on the north are not affected 
by the sun. 
Large windows can be used to make a room seem larger by 
effectively making the outdoor area a visual part of the 
room. A combination of fixed and operable glass can 
provide both ventilation and view. Care must be taken to 
provide privacy through the use of landscaping or fences. 
Large windows are often suitable for rooms other than 
living areas. Such a window overlooking the play area 
allows parents to supervise children from the kitchen or 
work area. Appropriate provisions must be made for shading 
and/or insulating large glass areas for energy conservation. 
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Because windows can frame a view, 
you want to avoid obstructions which 
could cut the "picture" into awkward 
pieces. Place windows so that the sills 
and horizontal divisions do not block 
your line of sight. Also, consider the 
view of people who are seated. 
The following guidelines for the placement of 
windows are suggested: 
.A. To minimize obstructions of the view, use 
fixed glass except in those areas where 
ventilation must be provided. Screens are 
not needed on fixed glass. Besides, screens 
interfere with the view. 
.A. If you do have to divide the view, choose 
windows with vertical divisions, such as 
casements. The vertical divisions are not as 
noticeable as horizontal ones. 
6'-8" 
6'-0" 
4'-8" 
--->,. 
3'-6" 
I 
.. -
6'-8" 
Determine sill heights on the basis of 
room use and furniture arrangement. If 
you use the dimensions shown in the 
illustrations, you can place windows for 
standing and seated persons. 
PRIVACY, SECURITY, AND CLEANING 
Because glass invites the world to look in 
(as well as you to look out), you'll want to 
plan for privacy, both in the daytime and 
at night. Draperies and blinds are the 
easiest way to gain privacy. Windows 
with built-in blinds work well because 
they provide privacy without cutting off 
ventilation. Another way to make a room 
private, but filled with daylight, is to 
6'-8" 
6' ()" 
-l' W' 
-l' -0" 
b'-8" 
'3'-6" 
3' 2" 
IU" 
Horizontal window division members are undesirable 
when they interfere with the view. Dimensions in these 
sketches show a range of "sight lines" for persons stand-
ing, sitting, and seated at a table. 
It is best to avoid horizontal divisions within these sight 
lines. T11ese dimensions are based on persons between 
5-'0" and 6'-4" tall and typical furniture depths. 
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If emergency exit windows 
have high sills, a sturdy 
piece of furniture or built-in 
shelving should be placed 
below to make escape easier. 
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place a narrow, horizontal window high 
on the wall. 
For security, especially at night when 
you may wish to sleep with windows 
open, choose windows that cannot sim-
ply be lifted up by an intruder. Many 
windows come with locking devices that 
hold the window open two or three 
inches for ventilation. 
Windows with "tilt-turn" hardware 
also provide good security. The windows 
open at the top and tilt 4 or 5 inches into 
the room. The windows lock in this open 
position, and provide ventilation at 
night. During the day these windows op-
erate like a casement window, except 
that they swing into the room. While ef-
fective for ventilation and security, tilt-
turn windows have one disadvantage: 
You cannot use transverse draperies or 
inside blinds because the windows open 
into the room. 
Emergency Exits 
Most building codes require that every 
sleeping room have at least one operable 
window or exterior door for an emer-
gency exit. The units must be operable 
from the inside to a full clear opening 
without the use of separate tools. Exit 
windows must have a sill height of not 
more than 44 inches above the floor, and 
minimum net clear opening of 5.7 square 
feet. The minimum clear dimensions 
must be 24 inches high and 20 inches 
wide. 
HEAT LOSS AND HEAT GAIN 
Windows are a major source of heat loss 
in winter and heat gain in summer. 
This heat loss and heat gain can be reduced: 
A. Through correct orientation of the house 
to the sun; 
A. Through selection of window size and 
location; 
A. Through the use of double- or triple- pane 
windows. 
The glass and the window frame lose 
heat to the cold outdoors. Warm air also 
leaks out (and cold air comes in) through 
cracks around the sash of operating win-
dows. This heat loss may limit the 
amount of glass in the house. Building 
codes in some parts of the country only 
allow a certain ratio between the win-
dow area and the floor area. However, 
by locating as much of the glass area as 
possible in the south wall, you can take 
advantage of solar gain. North-facing 
windows have little solar gain to offset 
their poor insulating quality (even with 
double- or triple-glazing) and therefore 
should be minimized. 
Screen only those parts of the window 
that open for ventilation. Full screens on 
a double-hung window can absorb as 
much as 50 percent of the available day-
light. Screens should be removed from 
south-facing windows in the winter for 
maximum solar heat gain. 
You may want to avoid placing win-
dows on north walls to avoid heat loss 
problems. However, most building codes 
require that all habitable rooms have a 
glass area of at least 10 percent of the 
floor area. (Baths, closets, utility rooms, and 
hallways are not considered habitable 
rooms.) In cases where rooms connect 
with large openings, as is often the case 
in living-dining rooms, the combined 
glass area is usually compared to the 
combined floor area. 
Placing heating registers below win-
dows minimizes cold drafts that people 
often feel near windows. The register 
warms the glass and the area around the 
window. However, this may increase the 
heat loss, particularly if the warm air 
stream is directed between the window 
and a covering drape. 
To control heat gain, overhangs or 
other devices should be provided to 
shade the glass. (See Circular C3.2, Solar 
Orientation.) Even with shading devices, 
large expanses of south glass may lead to 
a room or an entire house which over-
heats in the spring and fall and has large 
heat losses at night during the winter. 
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Window Planning Principles 
Windows which are 
relatively uniform in 
size, particu larly 
height, form a more 
pleasing relationship 
between glass areas 
and the solid wall. 
Windows of vanJing 
heights, sizes, and 
shapes give the house 
a cluttered look 
which is much less 
attractive. 
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If more than 40 percent of a south-fac-
ing wall will be glass, have a qualified en-
gineer do a heat loss and gain calculation 
to make sure the room will not be too hot. 
WINDOW DESIGN 
In planning for windows, consider the 
use of major glass areas not only in the 
living room but in any room of the house 
that can benefit from increased daylight, 
view, or heat from the sun during the 
winter. Also think about whether small 
window areas may serve just as well. A 
bedroom with a western exposure, for ex-
ample, may use a series of short, high 
windows that supply daylight, provide 
privacy, and yet keep the glass area to a 
minimum so that the afternoon sun is 
not objectionable. 
If view windows must face east or 
west, consider using a tall narrow win-
dow instead of a large picture window. If 
seating is arranged comfortably, you can 
use your favorite chair to enjoy the view, 
but not have as many problems with 
glare and heat gain. 
While windows must be selected, 
sized, and located to satisfy interior re-
quirements, minor adjustments in size 
and/ or locations may be necessary to 
provide an acceptable appearance on the 
exterior of the house. Windows should 
be placed so that the house has a pleas-
ant appearance, rather than one of unre-
lated glass and wall areas. Often a combi-
nation of window types is best suited for 
both interior requirements and exterior 
appearance. 
When Windows Are Out of Reach 
Consider how you are going to wash the 
windows. Skylights can be difficult to 
clean. And glass placed in an open gable 
end or in clerestory windows can also be 
hard to clean, especially if the house has 
more than one story. 
High windows may need a deck be-
neath to make cleaning practical. Clere-
story windows should also have a roof 
overhang to block direct sunlight in sum-
mer. Making some of the windows oper-
able can help summer ventilation. 
Consider practical maintenance prob-
lems when planning for windows, along 
with design, view, daylight, and security, 
and your home will be comfortable and 
easier to maintain. 
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Fll.l SELECTING WINDOWS 
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Several factors, including initial cost, influence the 
choice of windows for a house. In making your 
selection, consider whether the window: 
e Will provide adequate daylight. 
e Can provide desired ventilation. 
e Is free from objectionable obstructions to view. 
e Can be operated easily. 
e Is adaptable to the framing system. 
e Can provide an emergency exit. 
e Is weather-tight when the window is closed. 
e Can be opened without interfering with dra-
peries, blinds, or furniture. 
e Can be easily fitted with s,creens, storm sash, 
or insulating panels, as required. 
e Can be easily washed. 
e Can be inexpensively maintained. 
Every window used in residential construction is 
one or a combination of three basic window types, 
namely: 1) sliding, 2) swinging, and 3) fixed. Within 
these classifications are windows of a variety of 
designs. Advantages and disadvantages of the 
various types and designs of windows are de-
scribed in this publication. 
To assure precision fit, operating windows 
should be factory-made and installed in accord-
ance with the manufacturer's instructions. All win-
dows should be weatherstripped, preferably at the 
factory. 
Materials: All the various types of windows are 
available in wood or metal. Some are also made 
with plastics frames. More recently, some manu-
facturers are using combinations of materials. For 
example, wood sash and frames may be clad in 
vinyl (polyvinyl chloride) or in aluminum. Plastics 
are also used in combination with metal windows 
to achieve a thermal break between inside and 
outside portions of the window. 
Wood does not transmit heat readily and does 
not become as cold as metal or glass; therefore, 
moisture vapor from the air does not condense on 
it as readily. Windows should be made so they do 
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not stick if the wood sash should absorb moisture 
and expand. The wood should be treated to resist 
decay and moisture absorption, and should be 
covered with a protective finish or cladding. 
Metal is stronger than wood and, therefore, 
permits the use of thinner frame members around 
windows. 
Aluminum is the most common metal window 
in homes. Aluminum forms a thin, adherent film 
of hard oxide which is extremely protective and 
eliminates the need for painting. Aluminum win-
dows are supplied with factory-applied lacquer to 
prevent plaster stains during construction. Per-
manently colored, anodized finishes are also avail-
able. 
Steel is usually given an anti-rust treatment 
and a coat of primer paint at the factory. Additional 
paint must be applied after installation of the 
window. Ordinary steel should not be used near 
the ocean, since it corrodes quickly. Stainless steel, 
brass, or bronze are best for metal parts which 
are exposed to salt spray. 
Plastics extrusions are sometimes used for win-
dow frames and slides, as well as in cladding other 
materials. Because plastics are not as stiff as other 
window materials, plastics frames are sometimes 
reinforced with metal inserts. Plastics have greater 
expansion and contraction with temperature change 
than metal or wood. Plastics should not be painted, 
but may be obtained in colors. 
Condensation Control: Since wood is a relatively 
poor conductor of heat, moisture will condense 
on the glass before it condenses on the window 
frame. Metal frames, particularly aluminum, are 
excellent conductors of heat; therefore, conden-
sation will occur on metal frames of windows 
before it condenses on the glass. To overcome this 
problem, metal window manufacturers construct 
them with a plastic thermal break, separating the 
outdoor metal from the inside metal. Plastics win-
dows with metal inserts may also have conden-
station on the frame before it occurs on the glass. 
The A.A.M.A. (Architectural Aluminum Manufac-
turers Assn.) has developed standards for Ther-
malized Windows which rate them on the basis of 
Condensation Resistance Factor. Thermalized Alu-
minum Windows are marked with their CRF. 
"Thermalized windows are rated by Condensation Re-
sistance Factor numbers. These ratings, developed by 
AAMA, are your guides to windows designed for su-
perior protection against energy loss and condensation 
for your specific area. 
"To determine the minimum recommended Conden-
sation Resistance Factor for your area, position your 
residence on the map shown. Then, using typical tem-
perature lines shown as guides, estimate your 'Winter 
Outside Design Temperature.' With this temperature, 
University of Illinois SHC-BRC 
Winter Outside Design 
Temperature 
ASHRAE 971/2% BASE 
you can readily determine the 'Minimum Recommended 
Condensation Resistance Factor' for your area by using 
your average winter interior relative humidity levels on 
winter days by referring to the table shown. The CRF 
values (shaded areas) below 35 are not recognized as 
Thermalized Aluminum Windows. 
For a further discussion of condensation problems, 
see SHC-BRC Circular F6.2, Moisture Condensation. 
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5 Condensation Resistance 
Factors* 
• Specifications of above Condensation Resistance Factors are based upon an 
inside air temperature of 68°F and an outside wind velocity of 15 MPH. 
Shaded areas-CRF ratings below 35 are not recognized as thermalized alu-
minum windows. 
MAXIMUM RECOMMENDED HUMIDITY LEVELS 
Based on 70°F interior temperature 
OUTSIDE AIR TEMPERATURE INSIDE RELATIVE HUMIDITY 
-20 Degrees F. Or Below Not Over 15 Percent 
-20 Degrees F. to -10 Not Over 20 Percent 
-1 0 Degrees F. to 0 Not Over 25 Percent 
0 Degrees F. to 1 0 Not Over 30 Percent 
1 0 Degrees F. to 20 Not Over 35 Percent 
20 Degrees F. to 40 Not Over 40 Percent 
Relative humidity levels above these are not recommended at the low outside 
temperatures indicated, unless special provisions are taken in building con-
struction. 
If higher relative humidity levels are required because of special interior 
environmental conditions, the window manufacturer should be consulted. 
F11.1 Selecting Windows 
DOUBLE-HUNG WINDOWS 
A double-hung window consists of two sash which 
slide up and down in grooves of a window frame. 
The sash can be opened from the top or the 
bottom. In some windows, the sash are removable. 
Metal-, wood-, or plastic-framed sash are available. 
Hardware: Some sash are counterbalanced at the 
sides by springs or weights which minimize the 
effort to raise the sash. Other windows have 
friction devices to hold the sash open. 
Ventilation: Sliding windows are not as suitable 
as swinging windows for obtaining maximum ben-
efit from natural air movement since only half the 
window can be opened at a time. Summer breezes 
cannot be directed toward the rear of the room. 
View: The horizontal divisions between top and 
bottom sash interfere with vision. When windows 
are opened, the interference is greater. 
Maintenance: Do not paint the tracks in which 
the sash slide. Apply a penetrating wax finish to 
a wood track. A silicone spray may be used as a 
track lubricant for wood or plastics tracks. A 
Teflon® spray is superior for aluminum sash. 
Remarks: Double-hung windows have been used 
extensively because of their availablility, simplicity, 
and economy. They are manufactured in a wide 
range of sizes. 
e The window is awkward to open and close 
when located above the kitchen sink or large 
pieces of furniture. 
e Sash are not apt to warp or sag since they slide 
within a frame and are supported on both sides. 
e The screen installed on the outside of the win-
dow opening permits easy opening and closing 
of sash. 
Even for a tall person, double hung windows above 
a sink may be difficult to open. 
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In horizontal sliding windows, only half the window 
can be opened for ventilation. The track may need 
periodic cleaning. 
HORIZONTAL-SLIDING WINDOWS 
The sash in this window slide horizontally. Usually 
there are two movable sash; sometimes one is 
fixed. Metal, wood, or plastics sash are available. 
Hardware: Most sash are light enough to slide in 
sill tracks (metal or plastic recommended.) Door-
height sash require roller supports. 
Ventilation: Sliding windows are not as suitable 
as swinging windows for obtaining maximum ben-
efit from natural air movement since only half the 
window can be opened at one time. Summer 
breezes cannot be scooped in or directed to the 
rear of the room. 
View: Vertical divisions, where sash meet, do not 
interfere with vision as much as the horizontal 
rails in double-hung windows. 
Maintenance: Metal or plastic tracks require pe-
riodic cleaning and lubrication. 
Ease-in-Washing: Some units are designed so sash 
can be removed for washing. This is important 
where sash are easily handled, but difficult to 
reach from the outside. The advantage is lost if 
the sash are too large or heavy. 
Remarks: Sizes range from small sash to ceiling-
height sliding doors. 
CASEMENT WINDOWS 
A casement window consists of sash hinged at the 
side to swing outward. Usually two or more sash, 
separated by a vertical member (mullion), are used 
in a frame. 
Hardware: The window can be opened or closed 
by either a crank or push-bar operator on the 
frame, or a handle on the sash. A push-bar or 
crank pushes only the bottom part of the sash, 
tending to warp a tight-fitting sash. Latches on 
the fra'me are used to hold sash tightly closed; 
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Opened with a revolving crank, casement windows 
are easily accessible. 
two are recommended for tall sash (both may be 
operated by a single handle). Hinges should be of 
the type which allow arm space between the sash 
and the window frame for easy washing of wi.Yl-
dows. 
Ventilation: An outswinging window can scoop 
in air which is moving parallel to the wall surface. 
View: Vertical window divisions (1 1h to 21f2 feet 
apart) interfere with view, but are not as objec-
tionable as the horizontal divisions at eye level. 
Remarks: 
e The use of a crank operator makes the window 
easy to open and close, even when the window 
is located above a kitchen sink or furniture or 
when placed high in a wall. 
e Inside screens and storm sash used with these 
windows are easy to change. To open or close 
an outswinging window without an operator, 
the inside screen or storm sash must be hinged 
or have access panels. 
e Since the sash project outward, avoid placing 
walks or play areas within the arc of the win-
dows. 
e The width of each sash is limited to about 21/2 
feet because the weight of an opened sash 
stresses the hinges. Because of this stress, the 
frame of the sash and the hardware must be 
sturdy. 
AWNING AND JAL-AWNING WINDOWS 
An awning window is hinged at the top. It can 
be used as a single unit or as several sash stacked 
in one frame. 
Hardware: The hardware must hold both sides 
of the sash equally so the sash does not twist. A 
push-bar or crank operator permits the window 
to be opened or closed without removing the screen 
or storm sash. 
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Multiple sash can be operated in unison by 
means of a crank connected to a series of arms. 
This is called a jal-awning window. 
Hinges should be of the type which allows 
arm space between the sash and the window frame 
for easy washing of windows. 
Ventilation: Unless placed low in the wall, this 
type of window diverts summer breezes so that 
they flow above the occupied portion of the room. 
Inside controls, such as a venetian blind, can be 
used to direct the breeze downward. 
View: The horizontal bars of stacked units may 
block the view as the bars are apt to be at eye 
level. 
Remarks: 
e The use of a crank operator makes the window 
easy to open and close, even when the window 
is located above a kitchen sink or furniture or 
when placed high in a wall. 
e Inside screens and storm sash used with these 
windows are easy to change. To open or close 
an outswinging window without an operator, 
the inside screen or storm sash must be hinged 
or have access panels. 
e Since the sash projeCt outward, avoid placing 
walks or play areas within the arc of the win-
dows. 
e When opened, this window collects dirt easily 
because of its horizontal surface. 
e The ability of an awning window to keep out 
rain when open has been overrated, although 
this window is better than others. 
An outswinging awning window will shed water 
during a rain. 
F11 .1 Selecting Windows 
JALOUSIE WINDOWS 
A jalousie window consists of a series of horizontal 
glass slats, 3" to 8" wide, which are held by an 
end frame of metal. The sections operate in unison, 
similar to venetian blinds, and open outwards. 
Hardware: The panes are adjusted by a crank 
operator. 
Ventilation: The glass sections can be rotated so 
that air movement can be directed through the 
occupied portion of the room. By opening the 
window slightly, ventilation is possible during rain 
if the wind is mild. 
View: The multiple-glass divisions interfere with 
the view. Jalousies should be used only if natural 
ventilation is more important than view, or if they 
are installed below or at the sides of view windows. 
Weathertightness: Even with storm sash, the large 
number of openings between slats results in cold-
air leakage in winter. This type of window is not 
suitable for cold climates. 
Remarks: 
e The glass is troublesome to wash because of 
the many small glass sections. 
e Screens and storm sash are installed on the 
inside. 
Louvers 
A louver is a ventilating wall opening with char-
acteristics similar to a jalousie except the slats are 
of wood or metal instead of glass. Although louvers 
provide privacy, they are difficult to seal and should 
not be used in cold climates. 
Operable louvers are a nuisance to clean. They are 
hard to seal in cold weather. 
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BOTTOM-HINGED (or HOPPER) WINDOWS 
This inswinging window is hinged at the bottom. 
It is opened by a lock-handle at the top of the 
sash. Usually it is manufactured as a single unit. 
A bottom-hinged window should be placed low 
in the wall for: 
e Effective air movement, since the window can 
direct breezes upward. 
e Ease in washing from inside. 
e Ease in opening. 
Because the sash swings inward, it interferes with 
the use of space near the window. 
TOP-HINGED WINDOlVS 
A top-hinged window is similar to an awning 
window except the sash swings inward. The win-
dow is commonly .used for basements. It is also 
suitable for high ribbon-windows (provided with 
a wide overhang). The window should be placed 
high in the wall for: 
e Effective ventilation. These windows deflect air 
downward so that air flows through the occu-
pied level of the room. 
e Ease in washing from the inside. 
e Privacy without use of draperies. 
Since the sash swings inward, it interferes with 
the use of space near the window. 
Multiple-Use Windows 
The multiple use window is a single sash which 
is designed so that it can be installed as either an 
outswinging or an inswinging window. It can be 
hinged at top, bottom or sides if it is provided 
with interchangeable hardware and correctly 
weatherstripped. This window is usually used in 
groups. The window is relatively low in cost due 
to larger production, fewer sizes, improved pro-
duction techniques, and simpler hardware. 
Basement Windows 
e Basement windows which are above grade level 
could provide easy access to intruders. Bottom-
hinged windows provide better security than 
top-hinged windows. 
e Basement windows which are below grade are 
usually . provided with window wells, which 
tend to accumulate leaves and debris. The debris 
next to the window frame leads to paint peeling, 
metal corrosion, and frame deterioration. Re-
movable plastic covers over the window wells 
will not only minimize the accumulation of 
debris, but also provide a rain cover. 
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Opening into the room, this hopper window may 
injure the shins of passers-by. 
An awning window swinging into the room could 
be used where a window well prevents placement 
of an outswinging window. 
e For security purposes, some basement windows 
have been replaced with glass bricks. Although 
these hollow bricks provide privacy and secu-
rity, they may prove unsatisfactory in houses 
with poor foundations. Any shifting of the 
foundation will result in cracked blocks. Ob-
viously, glass blocks do not provide for means 
of ventilating the basement. 
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Outswinging hopper windows are more appropriate 
for dry climates. They tend to trap rain. 
-------
Casement windows framing the central fixed panel 
can capture summer breezes and direct them into 
the room. 
Double-hung windows provide ventilation, while 
the center panel of fixed glass is used for view. 
F11. 1 Selecting Windows 
FIXED WINDOWS 
The fixed window does not provide ventilation. It 
serves to admit daylight and provide view. Since 
this window does not open, hardware, weather-
stripping and screen are unnecessary. 
Because the sizes of factory-made fixed sash 
and frames are unlimited, many builders and 
architects use specially made frames to receive 
glass. This makes the variety and size of fixed 
windows almost unlimited. 
Large-size window panes (more than 12 square 
feet) are economical only in fixed glass installa-
tions. 
Combined Windows 
The fixed window can be combined with sliding 
or swinging windows, thus achieving a window 
which can best serve its several purposes. While 
the sliding and swinging windows must provide 
daylight, ventilation and view all in one opening, 
the combined window separates these functions. 
The fixed sash can be combined with operating 
sash placed on one or both sides, above it, or 
below it. Such windows can be of any height, 
including floor-to-ceiling. 
Each of the combined windows shown here 
fulfills the requirements of a well-designed win-
dow. Some of the windows have ventilation open-
ings below the fixed glass, and some at the side. 
PATIO DOORS AND WINDOW WALLS 
Sliding glass patio doors are used not only for 
passage, but also as a substitute for large areas of 
floor-to-ceiling glass. Large glass areas are cur-
rently being limited due to difficulty in controlling 
heat gain and heat loss. 
Patio doors provide an unobstructed view and access 
to the back yard. 
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While one side of a sliding glass door fits 
tightly, the movable unit is difficult to weatherstrip. 
Double glazing is more desirable than single glaz-
ing in most locations. 
A pair of hinged glass doors can be used in 
place of sliding doors. They are easier to weath-
erstrip for reducing infiltration than are sliding 
doors. 
Standard replacement glazing units for sliding 
doors may also be set in wood stops to provide 
inexpensive fixed glazing. 
For safety reasons, any glass which extends 
within 18~' of the floor (or is within 36~' of a 
walking surface) must be tempered, reinforced, or 
shatterproof. Otherwise, a horizontal rail not less 
than 1 1h~' wide should be installed 24~' to 36~' 
above the walking surface. 
Floor-to-ceiling windows were more common 
in the days before energy costs increased sharply. 
The absence of a baseboard area-proved to be a 
limitation on the types of heating systems that 
could be installed, especially since the upward 
flow of heated air was necessary to counteract the 
cold convection currents of air in the winter from 
large areas of glass. To some extent, the large glass 
areas also impeded furniture placement. 
SKYLIGHTS AND ROOF WINDOWS 
Skylights or window openings in the roof provide 
daylight in the inner areas of the house. 
A roof window should be located within reach so it 
can be opened for ventilation. 
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Skylights: The most common form of a skylight 
is a plastic bubble installed in a roof surface which 
is either flat or inclined. 
Low-profile skylights that are almost flush with 
the roof surface, or those glazed with a flat sash, 
are prone to water leakage. Water-tight construc-
tion usually requires the building of a curb, as 
shown, and adequate flashing. 
The glazing material may consist of tempered 
or wired glass, or one of three plastics, namely 
acrylic, polycarbonate, or butyrate. The glazing 
and sash are exposed to the direct rays of the sun 
in summer and to a severe temperature range. 
Aluminum and plastics, which have a high coef-
ficient of thermal expansion, require careful design 
and construction to avoid warping and distortion 
of the frame. 
Roof Windows: Roof sash which can be opened 
from the inside for ventilation can be considered 
roof windows. Many designs are available. 
Since solar heat can enter these windows, 
various shading devices are available. Some consist 
of movable shades, while others consist of venetian 
blinds below the sash or skylight, or between the 
two glazed surfaces of an insulating-type window. 
Both skylights and roof windows are best 
adapted to loft spaces, or for sloping roofs that 
come down to head level. Skylights or roof win-
dows that are inaccessible, except with a step 
ladder, are less practical for homes. 
Installed on a curb, this skylight screws down se-
curely over metal step-flashing. 
The low profile of a curbless skylight is attractive 
but vulnerable to water entry, especially on low-
pitched roofs. 
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F11.2 INSULATING WINDOWS AND SCREENS 
Insulating windows reduce heat loss in winter and 
heat gain in summer. Such windows consist of 
multiple layers of glass separated by air spaces. 
(Three layers may now be justified on the basis 
of fuel cost and energy conservation, especially 
for north-facing windows.) Heat flows easily 
through glass but is retarded by the air space 
between the panes of glass. 
An air space can be achieved by the installation 
of a second sash (storm sash) or by using factory-
sealed insulating glass. Triple glazing may be either 
a factory-sealed triple unit or a double-glass sealed 
unit plus storm window. Storm windows are used 
to improve energy efficiency of single- or double-
pane windows. 
HEAT LOSS 
To improve comfort and reduce heating costs, 
insulating windows are recommended for areas 
where the average January temperature is 45°F. 
or colder. This is because heat loss through win-
dows contributes significantly to the energy con-
sumption of a house. 
Heat can be lost or gained in three ways. One 
form of heat loss or gain occurs from radiation . 
Radiant heat is felt when one is facing a source 
of heat. Heat from the sun shines into a house 
through window glass. Thus, a room gains heat 
through the radiation of the sun. Conversely, the 
room radiates heat at night to the cold sky. 
Trapped in an enclosed space, the heat gained 
from the sun or heating system is lost through 
cold window and wall surfaces by conduction. Heat 
can be transferred by conduction when two ma-
terials touch one another. When the warmer room 
air contacts the cold window surface, heat moves 
through the glass toward the colder outside air. 
A heated room can also transfer heat by con-
vection, as cold air currents, such as drafts, circulate 
in the room. Windows create convection currents 
because the surface of the window is colder than 
the room air. When the heated room air comes in 
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Cold glass surfaces cause convection currents, or 
drafts, reducing the comfort level in the room. 
contact with the cold window surface, the air 
temperature near the window drops, causing the 
cooled air to fall to the floor. With large expanses 
of cold window glass, drafts caused by convection 
currents can make occupants uncomfortable. 
The term infiltration describes the invasion of 
living space by cold, outside air. Infiltration occurs 
when windows do not seal tightly or when there 
are uninsulated gaps between the window unit 
and the house framing. 
The greatest sources of heat loss from a build-
ing are the windows and doors. This loss includes 
the leakage, or infiltration, of cold outdoor air 
through the cracks and openings around windows 
and doors. What symptoms indicate that windows 
are not completely effective in shielding the oc-
cupants from the outdoors? 
e Cold blasts of air are felt far from the windows. 
e Drafts are felt at floor level from air flowing 
down cold glass surfaces. 
e Sensations of chilliness occur when sitting near 
large window surfaces. 
e Excessive dryness of the air in the building in 
winter. 
e A general feeling of discomfort even when the 
thermostat is set seasonably high . 
The goal should be to reduce the air leakage 
around the windows and to increase the thermal 
resistance of these openings. This can be achieved 
by repairing and tightening the existing windows 
and by using storm windows. 
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Thermal Performance 
The term R-value is often used to describe insu-
lation, but it can also be applied to the thermal 
performance of a window. The R-value is a mea-
sure of resistance to heat flow. The larger the R-
value, the better the insulating properties of the 
material. The R-value of a single-pane window is 
close to 1.0. For convenience, a value of R-1 is 
used as a basis of comparison with other construc-
tions. Table 1 shows approximate R-values for the 
common window constructions. 
A single-pane window is the most vulnerable 
part of the entire building, as far as heat loss is 
concerned. After caulking and weatherstripping, 
improving the thermal performance of single-pane 
windows is the highest priority item in weather-
izing a home. Additional layers of glass can help 
reduce heat loss. 
As more panes of glass are added, the R-value 
increases. The effectiveness of a double-pane or 
triple-pane window, however, is largely due to the 
insulating effect of the enclosed air spaces, rather 
than the extra layer of glass. The glass could be 
replaced with paper without materially changing 
the R-value of the window. The R-value for an 
enclosed air space gradually increases as the air 
space is enlarged and reaches a maximum value 
of about R-1 when the air space is %" to 3" and 
then decreases again due to convection. 
TABLE 1 
R-VALUE OF MOVABLE SASH 
Glazing R-value 
Single glazing 0.9 
Double glazing 
prime (sealed glass, ~6"' air space) 1.6 
prime (sealed glass, 1h"' air space) 2.0 
prime (single-pane) + storm 2.0 
prime* (wave-length-selective sealed film 
or glass, 1/2 "' air spaceY 3.1 
Triple glazing 
prime (sealed glass, ~ 6"' air space) + storm 2.7 
triple-pane (sealed glass, ~ 6"' air space) 2.9 
prime (sealed glass, 1/2"' air space) + storm 3.1 
triple-pane (sealed glass, 1/2"' air space? 3.2 
triple-pane (sealed glass, wave-length-
selective film or glass, 3/s"' air space) 4.0 
Quadruple glazing 
prime* (sealed triple-pane, ~6"' airspace) 
+ stormc 4.3 
• Summer R-values for unshaded glass are: a 2.6, b 2.6, c 3.2. 
The R-values for actual windows may vary due to glass 
thickness, frame type, and type and emissivity of wave-
length-selective coatings. Source: 1981 A.S.H.R.A.E. Funda-
mentals. 
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A single-pane window has an R-value of 1. Compared 
to the insulated wall below it, the window is a big 
energy loser. 
By installing a storm window on the outside, the R-
value of the window increases to about 2. 
Double glazing will cut heat loss through the 
window approximately in half. Triple glazing will 
cut heat loss by two-thirds but reduce light trans-
mission by about ten percent. Where winters are 
sunny, double-pane windows can be used on 
south-facing glass and triple-pane on north-facing 
glass. 
Double glazing can be accomplished by any 
of several methods: 
e Applying a storm window on the outside of 
the single-pane window. 
e Replacing a single-pane window with an in-
sulated window, consisting of two layers of 
glass sealed at the edges and separated by an 
air space. The double glazing is supported by 
a single frame. The enclosed air space is usually 
less than 1/2". (See Circular F11.3, Replacement 
Windows.) 
e Applying a separate sash on the inside of the 
single-pane window. Glass is used for the sep-
arate sash, but the R-value of double glazing 
is the same if plastic film or plastic sheet is 
used in place of glass. 
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The thermal efficiency of the window can also be 
improved by replacing the single-pane unit with a 
double-pane window. 
An inside storm window is just as effective as an 
outside storm window. An inside storm window can 
be used to provide a third pane on double-glazed 
windows. 
Comfort Aspects of Multiple Glazing 
From the standpoint of the occupants of the rooms, 
the most noticeable improvement resulting from 
the installation of multiple glazing is in the re-
duction of cold drafts at ankle level and the warmer 
air layer near the floor. This improvement in 
comfort results from the change in surface tem-
perature of the glass that faces the occupants. For 
example, on a day when the outdoor air temper-
ature is 0°F. and the indoor air temperature is 
70°F., the inside surface of the glass is about l7°F. 
to 23°F. depending on the window construction. 
This cold surface results in a large heat loss by 
radiation from the occupant to the cold glass. Also, 
the warm room air coming into contact with the 
cold glass surface becomes chilled and sinks to-
wards the floor. This convection flow of chilled 
air is much cooler than room air and cascades 
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TABLE 2 
GLASS TEMPERATURE 
(0° outdoor temperature, 70° indoor temperature) 
Glazing Temp. 
Single glazing 
Double glazing 
prime (~6" sealed glass) 
prime (1/2" sealed glass) 
prime (single-pane) + storm 
prime (wave-length-selective glass, 1/2" 
sealed) 
Triple glazing 
prime (~6" sealed glass) + storm 
prime (1/2" sealed glass) + storm 
sealed triple-pane, 112" air space 
Quadruple glazing 
prime (sealed triple-pane) + storm 
When our bodies radiate heat to cold surfaces, we 
feel chilled. This is why raising the inside glass 
surface temperature can help us feel more comfort-
able. 
Cold window glass causes heated air to cascade down 
with considerable velocity. The cooled air fans out 
across the room when it hits the floor. 
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with considerable velocity to the floor. Where 
windows are tall, the velocity of air is sufficient 
to create a splash of cold air on the floor which 
then fans out towards the middle of the room. 
When storm sash is installed, the inside glass 
surface temperature increases from about 17°F. to 
about 47°F., or about 30°F. warmer than single-
pane windows. With triple glazing, the glass sur-
face temperature reaches about 52°F. or about 
35°F. warmer than a single-pane window. With 
warmer glass surfaces, the radiation heat loss is 
reduced, and the convection flow is greatly re-
duced. Multiple glazing also reduces the tendency 
of water vapor to condense on the cold glass 
surface. 
If the prime windows are wood, and in rea-
sonably good condition, weatherstripping these 
windows and adding tight-fitting storm windows 
is as effective as using double-pane windows to 
improve room comfort. 
Estimating Energy Savings 
The use of double-pane windows will reduce heat 
loss through the glass by about one-half. How 
does this affect the total energy bill? The heat lost 
through the windows is only a portion of the total 
heat loss, which also includes heat losses through 
walls, ceilings, foundations, and by infiltration. 
Therefore, even if the heat loss from every window 
were halved by changing from single glazing to 
double glazing, the total heat loss of the building 
would not be cut in half. 
For those interested in estimating the reduction 
in energy consumption by changing windows to 
double or triple glazing, the pre-calculated tables 
in Circular A1.61, "Savings by Insulating Doors and 
Windows," should be consulted. Actual dollar sav-
ings are difficult to predict. The relative cost of 
fuel varies widely. With more expensive fuels, 
efforts to conserve heat will have a mor~ rapid 
payback. 
In Table 3 we have calculated fuel savings 
possible during one heating season for a typical 
house in Springfield, Illinois, with 20 average-
sized, double-hung windows (3' -4" by 4' -6"). Fuel 
necessary to offset the heat lost through these 
single-pane windows without weatherstripping is 
estimated at 700 gallons of oil, 860 therms of gas, 
or 20,000 kwh of electricity. Table 3 shows how 
the fuel use decreases as the thermal efficiency of 
the windows improves. 
Caulking around the edge of the prime window 
will make it even more energy efficient. Caulking 
a wood window in a masonry wall reduces heat 
loss by 42-75% if the window is tight in other 
respects. 
Sealed Glass. New insulating windows use sealed 
glass. Sealed glass can be installed in an operating 
sash or can be set in a frame to form a fixed 
window. Most operating windows can be pur-
chased with double or triple glazing. Sealed units 
offer the following advantages: 
e Convenience. Windows of sealed glass are a 
permanent installation; they do not have to be 
put up and taken down with changing seasons 
as do storm sash. Because the sheets of glass 
are sealed, only two surfaces need to be washed. 
e Ventilation. When sealed glass is used in an 
operating sash, there is no interference with 
ventilation. Moisture and dust cannot get into 
the air space between panes of glass when the 
edges of the glass are properly sealed at the 
factory. During the sealing process, the air is 
dried so no moisture can condense on the inside 
surfaces of the glass. 
TABLE 3 
ESTIMATED FUEL SAVINGS WITH INSULATING WINDOWS 
(Heating Season Savings for Springfield, Illinois) 
WINDOW TYPE OIL GAS 
Single glass, no weatherstripping 700 gal. 860 therms 
Single glass, weatherstripped 590 gal. 725 therms 
Sealed double glass, no weatherstripping, or storm 480 gal. 590 therms 
panels, no weatherstripping 
Sealed double glass, weatherstripped, or storm sash, 360 gal. 445 therms 
with or without weatherstripping, or storm panel, 
weathers tripped 
Triple glass, weatherstripped 290 gal. 360 therms 
F11 .2 Insulating Windows and Screens 
ELECTRIC 
20,000 kwh 
16,800 kwh 
13,700 kwh 
10,300 kwh 
8,300 kwh 
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Factory-sealed, double- or triple-pane glass is 
estimated to last 10 to 20 years before the seal 
fails. If the window frames are still in good con-
dition, they can be reglazed with new sealed glass. 
In many windows, a dessicant (granules that ab-
sorb moisture in the air) is installed between the 
panes of glass. This absorbs any moisture that gets 
between the panes. 
Wave-Length-Selective Glass: Sealed window 
units featuring wave-length-selective glass are able 
to improve the thermal performance of windows 
without adding extra panes of glass. Table 1 shows 
comparative R-values for regular and specially 
treated sealed glass windows. 
The glass is treated so that it reflects radiant 
heat back toward its source. In summer, the sun 
is the greatest source of radiant heat. The glass 
helps reduce the amount of air-conditioning 
needed. In winter, the furnace provides heat that 
radiates toward the exterior windows and walls. 
By reflecting heat back into the room, the glass 
helps reduce winter fuel costs. 
Two types of wave-length-selective glass are 
available. Low emissivity glass fuses metallic oxide 
to the interior surface of one pane of glass in a 
sealed window unit. Another glass product de-
posits a microscopic layer of metallic oxide on a 
polyester film stretched between the panes in a 
sealed glass unit. 
Some of the same benefits of wave-length-
selective glass can be achieved by using home-
owner-installed films that adhere to window glass 
WINTER 
81 Btujhr heat loss 
SUMMER 
85% solar gain 
Single-pane glass is not effective in preventing heat 
loss in ·winter and heat gain in summer. 
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WINTER 
41 Btujhr heat loss 
SUMMER 
7 4% solar gain 
Double-pane glass provides an approximate 50% im-
provement in winter heat loss when compared to 
single-pane windows. Summer heat gain is slightly 
reduced. 
WINTER 
22 Btujhr heat loss 
56% solar gain 
Wave-length-selective double-pane glass, or coated 
polyester film, cuts summer heat gain and winter 
heat loss dramatically. 
or are installed on the window frame using a base 
and spline. Those films that adhere to the glass 
should not be used on sealed double- and triple-
pane windows, but they can be very effective on 
single-pane windows. In addition to saving energy, 
wave-length-selective glass or film reduces fading 
of furniture, drapes, and rugs. 
University of Illinois SHC-BRC 
Storm Panels 
Sometimes the second or third pane of glass is 
provided by a storm panel. A panel is a pane of 
glass set in a narrow frame clipped to either the 
outside or the inside of a window sash. Panels 
can be used only on sash which have special 
hardware or a groove into which the panels can 
be fitted. Panels are not commonly available for 
double-hung windows. 
Unlike storm sash, storm panels move with 
the operating sash and do not interfere with op-
eration of the window or with ventilation. 
Panels can be applied on the ·inside or outside 
of the window sash. Inside panels are more con-
venient, but installation on the outside reduces 
the possibility of moisture condensation. Inside 
storm panels should have a good seal around the 
edge- either a rubber gasket or spring-metal 
weatherstripping. 
Windows that have narrow venetian blinds 
between the panes use inside storm panels in case 
the blind mechanism breaks. Vents in the sash are 
provided so that moisture can escape from between 
the panes of glass. Cleaning the vents with a pipe 
cleaner should be done on a yearly basis. 
Storm Sash 
Storm sash help reduce the infiltration of cold air, 
dust, and soot occurring around the sash of op-
Some window units, including those with built-in 
blinds, use removable storm panels. Weep holes in 
the window frame must be kept open or condensation 
may occur. 
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MOISTURE CONDENSATION 
-30° -20 -t0° 0° t0° 20° 30° 40° 
OUTSIDE AIR TEMPERATURE 
The chart shows the point at which condensation 
occurs on the room-side glass surface for various 
percentages of indoor humidity and outdoor tem-
perature. The humidity must be kept below this 
point to avoid condensation. 
erating windows. Because storm sash are often 
exchanged for screens in summer, it is recom-
mended that all operating windows be weather-
stripped (that is, the space around the sash be 
closed with strips of rubber, spring metal, or other 
material). When windows are weatherstripped, 
heat loss is about the same for a window with a 
storm unit as it is for double-pane glass. 
To reduce the likelihood of moisture conden-
sation between the panes, the inside sash must fit 
more tightly than the outside sash. Storm sash 
installed on the inside should be weatherstripped. 
Storm sash installed on the outside should fit 
rather loosely, and the inner window sash should 
be weatherstripped. If the storm sash fit tightly, 
drill three, 1/4-inch vent holes in the storm frame 
so that the outside air can circulate between the 
glass and, thus, reduce the possibility of conden-
sation between the inside and outside sash. These 
"weep holes" must be cleaned regularly. 
Combination Storm-Screen: A double- or triple-
track combination screen and storm sash is the 
most popular insulating unit for older, double-
hung windows. Combination windows usually 
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have one screen panel and two glass panels which 
can be moved up and down in tracks on the 
window frame. A double-track unit has a storm 
panel and screen in one track. In the second track 
there is a second glass panel which can be raised 
to permit ventilation through the screen or lowered 
for insulating purposes. In the triple-track system, 
each panel rides in its own track, and the screen 
can be removed independently. 
The frames of combination storm-screen win-
dows are usually aluminum- mill finished, an-
odized, or factory painted. They are low-mainte-
nance, and their major advantage is that the storm 
windows and screens can be inserted or removed 
from inside the house, eliminating the need for 
ladders and/ or service people to change them. 
They are custom-made to fit the measurements of 
any window opening. Even in the interests of 
saving energy, you should never caulk the bottom 
edge of a combination storm-screen window. 
Inside Storm Windows: Inside storm windows 
can be used to add a second or third layer of 
glazing to an existing window. Inside storm win-
dows can be made of glass, but acrylic panels are 
more common. Acrylic weighs less than glass. This 
makes seasonal removal of large panels safer. The 
major disadvantage of inside storm windows is 
the need to store them when they are not in use. 
Acrylic panels must be cleaned with a special 
cleaner because acrylic scratches easily. Careful 
handling and cleaning with a soft cloth will pro-
long the life of the panels. 
Inside storm windows often use a magnetic 
strip around the edge of the panel. This attaches 
to a thin, metallic tape permanently mounted on 
the window frame. In most cases, the mounting 
tape is inconspicuous. The prime window should 
be fairly tight if magnetic attachment is used, or 
wind pressure blowing through cracks can blow 
off the inside storm window. Some inside storm 
windows are held in place with clips. 
For steel windows, inside storm windows are 
often the only way to improve thermal perfor-
mance without replacing the entire window. Inside 
storm windows with magnetic edges will stick to 
the steel frames. The steel frame, however, will 
still conduct heat to the cold outdoors, and con-
densation may still occur on the frame. 
Temporary Storm Windows: While the various 
types of storm sash or panels previously described 
are the most satisfactory, temporary protection can 
be provided at considerably less cost using various 
plastics materials. 
The least expensive material is polyethylene, 
which is frosted but translucent. It is damaged by 
sunlight . and is good for only one year. 
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Vinyl is clear but has some distortion. It may 
last three to five years. 
Flexible polyester glazing material is the best, 
but most expensive, film available. It comes in 
various thicknesses, with the thicker films having 
longer life. 
These films can be attached either to the ex-
terior or interior of the window frame. Exterior 
installation using batten strips is common. Also, 
the film can be used to cover wood screen frames 
if there are screens but no storm windows. 
Many of these films are also available in kit 
form. The kits are made for homeowner installa-
tion and include instructions, film, splines and 
adhesive-backed mounting strips. The adhesive-
backed strips remain in place. Some films can be 
removed and reinstalled. Other films use heat to 
shrink-fit the film. These can be left in place in 
summer to help reduce the cooling load. 
Screens 
Only the opening portion of the window should 
be screened. To screen the rest of the window, or 
a window that is fixed, is an unnecessary expense. 
Screens shut out daylight and interfere with the 
view. To maximize heat gain from the sun on south 
windows during the heating season, it is essential 
to be able to easily remove the screens. Full screens 
on a double-hung window block out approxi-
mately 50% of the available daylight. 
To keep out insects, 16 mesh screen (256 
openings per square inch) is recommended. A 
metal louver-type screening which reduces the sun 
load during the cooling season is suggested for 
east and west windows having no other type of 
sunshade; however, such screening does interfere 
with vision. 
Screens should be made of non-corrosive ma-
terials. Aluminum is the most popular material, 
but bronze and fiberglass are also used. Bronze 
screens are still found on older windows. If bronze 
screens are not replaced regularly, the bronze can 
oxidize, wash down, and stain siding. 
Fiberglass is transparent, giving a better view 
to the outdoors, but it can be eaten by vermin. 
When installed over large openings (such as 
screened patios), fiberglass tends to sag, especially 
when icy winters are common. A metal screen is 
a better choice for large screened openings. 
Screens to reduce heat gain on east and west 
windows are effective in reducing the summer 
cooling load. One heat-inhibiting screen is made 
of aluminum sheet and has mini-louvers for ven-
tilation. Another product is made of heavy mesh 
polyester. Both reduce visibility slightly. 
University of Illinois SHC-BRC 
REPLACEMENT WINDOWS FOR 
THE HOME 
Small Homes Council-Building Research Council 
University of Illinois at Urbana-Champaign 
Replacement windows are designed to provide a 
relatively quick solution to the problem of window 
heat loss. Replacement can reduce heat loss if the 
installation is done carefully. Tightfitting, double-
or triple-pane windows can increase comfort and 
reduce energy costs for homeowners with single-
pane steel or aluminum windows or very badly 
deteriorated wood windows. Because of the cost 
involved in replacing windows, the homeowner 
should consider whether repairing, weatherstrip-
ping, caulking, or adding a storm window to 
existing windows could provide the same reduction 
in heat loss. 
REPLACEMENT WINDOW SYSTEMS 
There are two ways to install replacement win-
dows. The type of replacement window selected 
will depend, to some extent, on the existing win-
dows. Windows duplicating the muntin arrange-
ment of the existing windows help maintain the 
architectural integrity of the house. Most replace-
ment systems, especially if they have insulated 
glass, use snap-in muntins that are removable for 
cleaning; however, wood windows with fixed mun-
tins and insulated glass can be obtained. 
Sash Replacement 
With this replacement system, the existing window 
sash and all the window stops are removed. The 
old window frame and all exterior and interior 
trim are left in place. Then a new jamb (or jamb 
liner) and sash slip into the old frame. 
Many window companies measure the old 
opening and make the replacement unit to fit the 
opening. Other companies use stock window units 
and make up the difference between the opening 
and the replacement window with filler strips. 
Windows made to fit the opening look better and 
are more effective in reducing heat loss. 
Sash replacement is the least disruptive win-
dow replacement system. Replacing the sash can 
be done quickly. Because none of the window trim 
is removed, there is no need to repaint woodwork 
or adjacent walls. Sash replacement can be used 
where wood windows are very badly deteriorated. 
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Old steel or aluminum windows transmit cold through 
the frame. If only the sash is replaced, the window 
still feels cold. Moisture continues to condense on 
the frame. 
Old wood windows often used sash cords, 
pulleys, and weights to counterbalance double-
hung windows and hold them in place when the 
windows were raised. The large, hollow weight 
boxes on either side of the window can be insulated 
before the replacement windows are installed. 
Windows with steel or aluminum frames must 
use a different replacement system. Simply re-
placing the sash will not solve the problem of heat 
loss. The window will still lose heat because the 
metal frame is a very effective conductor. Old 
metal windows had no thermal breaks, non-con-
ducting materials used to stop the flow of heat 
through the metal. With old aluminum or steel 
windows, the metal frame must be entirely re-
moved, and an entirely new window unit must 
be installed in the rough opening. If the metal 
frame is not removed, the goal of conserving 
energy is being defeated. 
Window sizes vary from manufacturer to manufac-
turer. These dimensions show where measurements 
are taken. 
University of Illinois SHC-BRC 
SASH REPLACEMENT 
With the sash and stops removed, this window is 
ready for new sash and window channel. Notice all 
the trim is left in place. 
New sash with double pane glass and new window 
channel slide into the existing frame. 
Window Removal 
A second window replacement system removes 
the whole window unit. All jambs, sills and sash 
are taken out. This allows the new window unit 
(again these can be custom-sized) to retain the 
original glass size. It also allows the installer to 
insulate around the window frame before replacing 
window trim. This method is messier; and, it takes 
longer. Plaster or drywall around the opening may 
need to be repaired or replaced. Some window 
trim may split during removal. Repainting the wall 
adjacent to the opening may be necessary. How-
ever, if the goal is an energy efficient opening, this 
is the more effective method. 
If the new window is to be larger than the 
existing opening, a contractor or carpenter would 
be needed to reframe the rough opening. 
F11.3 Replacement Windows 
WINDOW REMOVAL 
When replacing the entire window unit, the new 
window can be custom-sized to fit the rough opening, 
or stock window units can be used. When a stock 
window unit is used, the opening must often be 
made slightly smaller by additional blocking or fur-
ring strips. 
The replacement unit will have different trim, re-
quiring some patching. Cavities next to the window 
can be insulated. 
Materials 
A major factor in the homeowners' desire to 
replace existing windows may be the need to 
reduce maintenance. Replacement windows are 
often viewed as maintenance free. In fact, there 
are a number of materials and window systems 
that did not even exist a few years ago. 
Wave-Length Selective Glass. In addition to using 
double or triple glazing, thermal performance of 
windows can be improved by the use of relective 
coatings or films. Embedded between panes of 
glass, the coating or film can enhance or diminish 
the amount of sunlight streaming through the 
windows. The most commonly used films reduce 
incoming sunlight by reflecting the rays back to-
ward their source. This reduces the need for sum-
mer cooling. 
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Wood windows can use vinyl or aluminum cladding 
to reduce exterior maintenance. 
Wood Windows. Wood windows are used where 
the owner wants the look of wood on the inside 
of the house. Inside, the windows can be var-
nished, stained, or painted. Outside, the wood can 
be clad in aluminum or coated with vinyl, thus 
eliminating the need for exterior repainting. All 
existing exterior trim can be covered with alumi-
num. Trim covers can be custom-made to match 
the profile of exterior molding on historic buildings. 
For painted exteriors, windows can be factory-
primed. Because they can be painted, wood win-
dows are a popular choice for homeowners who 
want their windows to match the exterior trim of 
the house. 
Double-hung wood window units no longer 
use window cords and weights. Spring-loaded 
window channel both weatherstrips and holds 
sash in place. Some windows use spring-loaded 
sash balances so sash can be tipped into the room 
for cleaning. When windows are large, however, 
the modern sash balance may not be strong enough 
to support the increased weight of a double- or 
triple-pane window. 
Additional features in some wood windows 
include: Vinyl gaskets that hold the glass; sun-
screen glass; and double weatherstripping around 
the operable sash. Weatherstripping may compress 
to reduce air leakage to near zero. Condensation 
is less likely to form on wood windows than on 
aluminum windows, unless the aluminum win-
dows are provided with a good thermal break. 
Aluminum Windows. For a time, low-cost alu-
minum windows were a means of reducing initial 
construction cost and long-term maintenance. As 
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Metal to metal contact makes old, single-pane alu-
minum windows big energy losers. Condensation, 
compressed weatherstripping, and frame deformation 
produce additional problems. 
energy costs increased, single-pane aluminum win-
dows, with deteriorated weatherstripping and loose 
frames, became prime candidates for replacement. 
Good quality aluminum windows, with ther-
mal breaks to prevent heat loss by conduction, 
offer a 26 to 38 percent improvement over single-
pane aluminum windows. Thermally improved 
windows separate the inside and outside of the 
frame with a material that does not conduct heat, 
such as wood, polyvinyl chloride (PVC), or rigid 
Some thermally improved aluminum windows fill 
center cavities in the aluminum extrusion with an 
insulating material. The aluminum extrusion is then 
cut to separate the inner and outer frame. This 
provides a thermal barrier. 
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foam. The non-conducting material retards the 
flow of heat and brings window performance in 
line with that of a good quality wood window. 
In climates where extremes of hot and cold 
are common, aluminum window frames will ex-
perience seasonal expansion and contraction. Alu-
minum windows with a wood thermal barrier or 
a rigid PVC, non-structural thermal barrier perform 
best under these conditions. In the latter system, 
the rigid polyvinyl chloride (PVC) connects an 
inner and outer aluminum frame. This type of 
thermal barrier allows the inner and outer frames 
to expand and contract independently. This pre-
vents weakening of the frame and sash. 
Even with a good thermal barrier, aluminum-
framed windows generally have higher conductiv-
ity than wood or vinyl windows. Before purchasing 
an aluminum window in a cold climate, the buyer 
should check the CRF (Condensation Resistance 
Factor) rating to make sure moisture will not 
condense on the frame in winter. (See Circular 
Fll.l , Selecting Windows.) 
Aluminum windows can be made with factory-
applied, colored finishes of baked acrylic or en-
amel. The colors are applied to the surface of the 
windows and are expected to last ten to twenty 
years. 
Thermally improved aluminum windows that use a 
bridging device to join inner and outer frames have 
greater structural stability in extreme climates. An 
insulating material prevents metal-to-metal contact. 
F11 .3 Replacement Windows 
Some replacement windows tip into the room for 
easy cleaning. 
Aluminum windows can also have the plain 
mill finish or an anodized finish. The mill finish is 
the color of aluminum. In an anodized finish, a 
thin, adherent layer of oxide is bonded to the 
aluminum and provides a permanent color to the 
aluminum. Many shades of bronze, brown, gold, 
and black are available. The anodized finish is a 
more permanent finish than the acrylic or enamel 
finish. 
Most storm windows are made of aluminum. 
If the main, or prime, windows can be thoroughly 
weatherstripped, the addition of outside storm 
windows may be the most economical way to 
improve the energy performance of the windows. 
The use of triple-track aluminum storm win-
dows, with self-storing screens, eliminates the 
yearly task of exchanging wooden storms and 
screens, but triple-track windows vary in tightness. 
When triple-track windows are loose, they will 
not be as effective in stopping infiltration of cold, 
outside air. 
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Vinyl Windows. Many windows made for the 
replacement market have plastic frames and sash. 
This plastic is a polyvinyl chloride (PVC), extruded 
into hollow sections that can be easily cut and 
fabricated into window units. Metal reinforcement 
is sometimes added in the hollow sections for 
strength. PVC is a good insulating material. Also, 
it is virtually maintenance free. It cannot rot or 
rust, and it never needs repainting. Vinyl windows 
come in two colors, white and brown. 
Vinyl replacement windows often have frames rein-
forced with metal. By itself, vinyl is a poor conductor 
of heat. 
Spiral springs are used to balance the window 
sash. Sash usually tip out for easy cleaning; how-
ever, if the sash is disengaged from the spring, it 
can be very difficult to reattach. Cam action sash 
locks and lifts pull the sash tight against the 
meeting rail to provide a good weather seal. Burglar 
prevention hardware on the window should not 
give the consumer a false sense of security- a 
determined thief could still break the window 
glass. 
Vinyl windows vary in quality. The less ex-
pensive models use thinner plastic extrusions 
(l.Smm compared to 2.3mm in better windows.) 
Also, some of the detailing (corners held by screws 
or inserted comer pieces, careless weatherstrip-
ping, and · sagging screens) makes the windows 
less attractive than they might be. Vinyl windows 
with welded, mitred comers and thicker extrusions 
make more durable units. 
Vinyl windows using European design con-
cepts pave a heavier profile and operate differently 
than double-hung or casement windows. These 
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windows are tilt-turn windows. If the window 
handle is turned in one direction, the window will 
tilt out at the top to provide ventilation. Closing 
the window and turning the handle in the opposite 
direction allows the window to swing into the 
room, like a casement window, for easy washing. 
Heavy duty hardware pulls the window tight in 
several places, almost eliminating infiltration. Be-
cause these windows open into the room, they 
may not be compatible with traverse rod drapery. 
Tilt/Turn windows use a special lock and hinging 
mechanism. The window locks in several places, 
nearly eliminating infiltration. The window opens 
at the top for ventilation, or it can swing into the 
room for cleaning. 
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Tiltjtum windows often use roll-down shutters 
on the outside to provide privacy. The shutters 
reduce heat loss on winter nights and daytime 
heat gain in the summer. The shutters can be 
partially opened during the day for ventilation, or 
they can be closed to provide total security. A 
slight curvature to the shutter slats allows them 
to roll into a box built into the top of the window. 
Climates where there are extremes of heat or 
cold might not be suitable locations for some vinyl 
windows. In very hot climates, vinyl expands much 
more than wood. Some vinyl windows are an-
chored in the middle of the frame and allowed to 
move at the comers. This permits seasonal expan-
sion and contraction. Where the weather is ex-
tremely cold, vinyl window channel can become 
brittle, lose elasticity, and split. New forms of vinyl 
that resist thermal movement are peing developed. 
However, for now, wood or aluminum windows 
would be the best choice in extreme climates. 
THERMAL PERFORMANCE 
The term R-value is often used to describe insu-
lation, but it can also be applied to the thermal 
performance of a window. The R-value is a mea-
sure of resistance to heat flow. The larger the R-
value, the better the insulating properties of the 
material. The R-value of a single-pane window is 
close to 1.0. For convenience, a value of R-1 is 
used as a basis of comparison with other construc-
tions. Table 1 shows approximate R-values for the 
common window constructions. 
To improve window performance, the home-
owner can install an inside or outside storm win-
dow or a replacement window. If the home has 
existing wood windows, Table 1 shows that the 
addition of a storm window can equal, or be 
greater than, the R-value for a double-pane win-
dow. This is because the trapped air between the 
panes of glass is responsible for the improved R-
value. The distance between the storm and prime 
window is greater than the distance between the 
two panes in a double-pane window. A storm 
window also slightly reduces infiltration. 
TABLE 1 
R-VALUE OF MOVABLE SASH 
Glazing 
Single glazing 
Double glazing 
sealed glass unit 
prime + storm 
Triple glazing 
sealed triple unit 
prime (sealed double) + storm 
F11.3 Replacement Windows 
R-value 
0.89-1.01 
1.47-1.79 
1.79-2.22 
1.70-2.70 
2.33-2.78 
Wind blowing against the house causes inBltration 
through cracks around windows. On the opposite 
side of the house, in the wind shadow, the arrows 
are reversed, as heated air exBltrates. 
Estimating Energy Savings 
The use of double-pane windows will reduce heat 
loss through the glass by about one-half. How 
does this affect the total energy bill? Usually the 
heat lost through the windows is only a portion 
of the total heat loss, which also includes heat 
losses through walls, ceilings, foundations, and by 
infiltration. Therefore, even if the heat loss from 
every window were halved by changing from 
single-glazing to double-glazing, the total heat loss 
of the building would not be cut in half. 
Infiltration Heat Loss 
Infiltration of cold outside air and exfiltration of 
heated indoor air account for a substantial per-
centage of window heat loss. Infiltration occurs 
from cracks between the window frame and the 
wall, from weight-box cavities, and from cracks 
between the window sash and the window frame. 
Caulking can reduce the amount of heat lost 
by infiltration. For example, exterior caulking of a 
wood window in a masonry wall reduces the heat 
loss by 75%, if the window is tight in other 
respects. 
Simple caulking, however, does not take the 
place of insulating the large, hidden openings 
behind the window trim, such as the cavities 
provided for double-hung window weights. Sash 
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replacement substitutes tighter-fitting windows for 
loose, rattling windows. While this reduces infil-
tration at the top, middle, and bottom of the 
window, replacement does not eliminate heat loss 
around the window unit. Ideally, heat loss through 
the weight boxes or between the window unit and 
the rough framing should also be eliminated. 
Insulation can be installed when windows are 
replaced. Weight box cavities can be insulated by 
blowing in fill insulations, such as rock wool, 
cellulose, or granular fill. In cases where the open-
ing between the rough framing and the window 
jamb is too narrow to .accept blown insulation, 
infiltration can be reduced by caulking. The only 
way to insulate this space is to remove the interior 
trim and install a fiberglass or expanding foam 
insulation. 
Expanding foam insulation can be installed in weight 
~a~ities if interior trim is removed. When using foam, 
1t IS not necessary to also use a vapor retarder. 
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To reduce potential problems with condensa-
tion, the insulation should be covered with a vapor 
retarder, such as a strip of polyethelene stapled or 
caulked to the window frame and overlapping the 
rough opening. The use of a vapor retarder is 
important in cold climates. In cold weather, warm, 
humid house air can migrate into the cavity and 
condense on the back side of exterior trim. This 
condensation can damage the insulation and trim. 
The vapor retarder is used to keep moisture-
carrying indoor air away from areas where con-
densation can occur. 
For those interested in estimating the reduction 
in energy consumption by changing windows to 
double- or triple-glazing, the pre-calculated tables 
in Circular A1.61, "Savings by Insulating Doors and 
Windows" should be consulted. Actual dollar sav-
ings are difficult to predict. The relative cost of 
fuel varies widely. With more expensive fuels, 
efforts to conserve heat will have a more rapid 
payback. 
The use of replacement windows as an energy-
saving strategy must be weighed against the ben-
efits of improving insulation, improving the effi-
ciency of the furnace, adding storm windows, or 
caulking and weatherstripping. Generally, the less 
expensive strategies (such as caulking, weather-
stripping, or adding storm windows) will have the 
most rapid payback. This is because heat is not 
just lost through the glass area of a window. To 
really improve the energy efficiency of a window, 
extra steps must be taken to reduce window in-
filtration. 
To properly insulate the space surrounding a window, 
the inside trim should be removed and insulation 
installed. Fiberglass insulation should be covered 
with a polyethelene vapor retarder. 
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ROOF WINDOWS AND SKYLIGHTS 
The modem skylight has its roots in the clerestory 
windows of early Christian basilicas and Gothic 
Cathedrals. In an age when daylight was relied 
upon to provide most of the light in a space, 
builders and architects needed some way to bring 
the suns' rays deep into the inside of these large 
structures. Windows in the perimeter walls simply 
could not deliver enough light into the middle of 
the building. By raising the center section of the roof 
above the rest, they could locate a band of windows 
whose light could penetrate the dark interior. 
As long as glass was expensive and hard to ob-
tain, many window openings were unglazed, or 
covered with oiled paper or shutters, restricting the 
openings to walls. Around the mid-nine~eenth cen-
tury, glass began to be manufactured in the United 
States, increasing availability and reducing cost. 
This meant that instead of having to raise the roof 
for clerestories, light could be introduced into a 
space by placing a glazed opening in the roof-the 
skylight. 
While most residential needs for natural light 
could be met with conventional windows, commer-
cial and industrial spaces presented a problem. 
Typical commercial buildings consisted of long, 
narrow brick buildings which shared common 
sidewalls. This meant that only the relatively short 
expanses of end walls were available to be glazed. 
Interior rooms were left in the dark. This problem 
was typically solved by placing a large skylight 
over a centrally located main stairwell. Interior 
rooms surrounding the stairs were given windows 
onto the stairwell. The skylight provided light for 
the stairs and the surrounding rooms. 
As electric light became the rule, the need to 
bring daylight into a building declined. The trend 
away from natural light continued until the energy 
crisis of the seventies. Now, with concern over a 
dwindling supply of natural resources, more desig-
ners are turning to daylight as a way to reduce the 
amount of electricity used for lighting. 
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A skylight over a stairwell can provide light for the 
stairwell and surrounding rooms. 
Skylights are an easy way to increase the per-
ceived size of a space. Adding light and a view to a 
formerly dark comer will make the space seem big-
ger than it is, while allowing the space to be more 
fully used. A small, dark bathroom is an excellent 
candidate for remodeling with a skylight. The light 
from the skylight and the humidity from the bath 
or shower will allow plants to thrive, making the 
bathroom lush and bright. 
Well-placed skylights can effectively highlight 
areas of a room or define one space from another. A 
skylight located over a stairway can add drama and 
interest while lighting the stairway so that it can be 
used safely without electric lights. In the kitchen, 
skylights can light the work area more uniformly 
than a conventional window. 
Operable skylights and roof windows combine 
the advantages of a skylight and an operable win-
dow. While effectively lighting a space just as a 
fixed skylight would, they also provide ventilation. 
In the bathroom and kitchen, roof windows or vent-
ing skylights can remove excess moisture that is the 
result of cooking and bathing. This helps reduce the 
likelihood of moisture damage and mold. 
Located in an upstairs hallway, roof windows 
can reduce the need for mechanical cooling. 
Through the natural convective currents, hot air 
rises to the highest point in the house. If ventilation 
is provided at this point, the hot air can escape. As 
the hot air escapes, fresh air is drawn in at lower 
levels. The removal of hot air, introduction of fresh 
outside air, and increased air movement combine to 
provide a real reduction in indoor temperature and 
humidity, as well as greater perceived comfort. 
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An unused attic space can be converted into bright, airy living space through the use of roof windows (if the floor 
joists are adequate to carry the load). 
ATTIC CONVERSION 
For the homeowner, roof windows are particularly 
useful in converting attic spaces into habitable 
rooms. Many homes, especially older ones, have 
roofs which are steep enough to provide ample 
headroom. The problem with these attic spaces is 
that they are dark. If there are any windows at all, 
they are usually small and located in the gable ends. 
If the house has a hip roof, there are probably no 
windows. This lack of natural light can make even 
a very large attic seem small and cramped. 
Comparison of Materials Required 
Material Skylight (as shown) Dormer 
required (31 3/4 X 39 1/2") (as shown) 
2x6 (b.f.) 72.73 155.4 
2x4 (b.f.) 0 73.5 
sheathing 6 13 
(4x8' sheets) 
roofing felt 1.76 1.44 
(squares) 
shingles 1.76 1.44 
(squares) 
* Amounts based on drawings shown for an area of roof 8 feet wide 
extending from eaves to ridge 
Framing required for a roof window and a dormer having a window of equivalent size. 
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Curb-mounted acrylic bubble with job-fabricated 
flashing. 
Curb less acrylic bubble 
One way to introduce windows into an attic 
space is through the use of dormers. Dormers can 
be either external, projecting from the roof, or inset, 
set back into the attic space. Both allow light and air 
into the attic, but external dormers have the ad-
vantage of creating additional headroom. The main 
disadvantage to dormers, particularly in existing 
construction, is that they require more complicated 
roof framing than roof windows. In either new or 
existing work, this more complex framing trans-
lates into additional materials and longer time to 
build. With an existing house, it also means more 
time that the contractor has a hole in the roof which 
must be protected from the weather. 
The other concern about dormers is an aesthetic 
one. Opening up the roof and building something 
which either indents or protrudes from the roof line 
will drastically change the appearance of the house. 
While this change is not necessarily bad (on some 
houses, the addition of well-placed dormer win-
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Curbless acrylic bubble with standing side seams and 
step flashing. 
dows may add to the character), the finished ap-
pearance of the house must be considered. 
Skylights and roof windows can provide about 
a third more daylight and ventilation benefits as 
dormers, but without some of the concerns. As the 
illustration shows, the rough framing of a roof win-
dow is relatively simple. In fact, it is simple enough 
that a home owner with some hands-on experience 
and a few tools could install his or her own skylight. 
In addition to the framing being much simpler, 
roof windows also require less material to install 
than dormers. The chart (previous page) shows the 
amount of framing lumber, in board feet, required 
to do the rough framing to install a skylight as 
shown, compared to the framing lumber required 
to install the dormer shown. It takes roughly twice 
as much lumber and plywood to build a dormer as 
it does to do the rough framing for a roof window. 
Cost comparisons between reputable brands of 
double-hung windows and roof windows 
(operable) of approximately the same shape and 
size show that the roof window costs up to twice as 
much as a double-hung window. This cost dif-
ference is offset by the savings in materials and 
labor to install the windows, particularly if the 
homeowner takes advantage of the ease of install-
ing a roof window and does his or her own work. 
TYPES OF SKYLIGHTS 
Skylights range from a simple plastic bubble to a 
fully operable roof window large enough to meet 
exit requirements of most building codes. 
The simplest type of skylight is the curbless 
acrylic bubble. These bubbles mount directly to the 
roof deck, are self-flashing, and are inexpensive and 
easy to install. Since these bubbles do not have a 
curb, they tend to leak. They are best used in a 
garage or covered patio where there is no ceiling 
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Self-flashing fixed-glass skylight. 
finish to be damaged, there will be less damage to 
contents below, and leaks will be detected before 
major damage to the roof framing and sheathing oc-
curs. Another drawback to the simple acrylic bub-
bles is that they typically have only one layer of 
acrylic, so they are not as energy efficient as a 
double-layer skylight, and condensation is more 
likely to occur if they are installed over a heated 
space. 
Better suited for use in a living space is the curb-
mounted bubble. The raised curb, when properly 
flashed, is less likely to leak. Curb-mounted bub-
bles usually have double-layer glazing to provide 
an insulating air space, which reduces heat loss and 
condensation. Bubbles are available in tinted or 
clear acrylic. 
The curb-mounted, fixed-glass skylight is 
similar to the curb-mounted bubble. The main dif-
ference is that the glazing material is glass rather 
than plastic. Standard units are supplied with insu-
lated tempered clear glass, but are also available 
with low-emissivity glass for extra insulation, with 
tinted glass for protection against summer heat 
gain and fading of carpet and furniture, and with 
laminated glass for extra impact-resistance. Some 
are self-flashing, but better units come with step-
flashing supplied by the manufacturer. 
Operable skylights and roof windows present 
the consumer with the greatest number of choices. 
Virtually all are curb-mounted, with clear insulat-
ing glass as their standard glazing. Better units are 
available with low-emissivity gas-filled glass, 
bronze-tinted glass, or laminated glass. All are sup-
plied with flashing by the manufacturer. 
Roof windows operate in one of two ways. Either 
they pivot at the center, or they hinge from the top 
like an awning window. Roof windows which 
operate like awning windows operate by turning a 
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Top-hinged roof window with manufacturer-supplied 
flashing. 
Center-pivoting roof window, shown with manufac-
turer-supplied step flashing. 
hand crank located at the bottom. Among those that 
pivot at the center, at least one major manufacturer 
of roof windows offers a model on which the con-
trols are on the top. The most convenient method of 
operation depends on the location of the roof win-
dow with respect to the floor. If the window is to be 
located low in the roof, top controls will probably 
be the most convenient. Higher up on the roof, con-
trols at the bottom will be easier to reach. For a roof 
window located beyond normal reach, most 
manufacturers offer extension poles or motorized 
operation for added convenience. 
Climate and Skylights 
Just as unwanted heat gain and loss is a problem 
with conventional windows, it is a particular 
problem with skylights and roof windows. The 
standard rules for window orientation holds true 
for skylights and roof windows as well. Northern 
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The operating mechanism can be placed at the top of low roof windows or at the bottom of high windows for con-
venience in operation. Extension handles or electric operators are necessary for windows located in cathedral ceil-
ings or lofts. 
exposure gives a soft, gentle light, excellent for 
providing natural light to work by. A southern ex-
posure produces more light than northern, but the 
light is harsher and more likely to cause glare. 
Southern exposure is also good for winter solar heat 
gain. Eastern and western exposures provide vary-
ing light levels throughout the day. A western 
orientation is generally to be avoided due to the 
harshness of western sunlight, particularly on sum-
mer afternoons, when the heat gain can be in-
tolerable. 
Low-Emissivity Glass 
To keep heat in in the winter and block excess sun 
in the summer, manufacturers of skylights offer a 
variety of accessories and options. While the 
double-insulated glass (standard on better 
skylights) gives a 50% reduction in winter heat loss 
over single-glazing, double-insulated glass by itself 
is not enough to offset unwanted summer heat gain. 
Low-emissivity glass offered by some manufac-
turers can provide about a 50% reduction in winter 
heat loss and 20% reduction in summer heat gain 
over conventional double-insulated windows. If 
the space between panes is filled with an inert gas, 
such as argon, the savings can be even greater. (See 
F11 .2, Insulating Windows and Screens for more infor-
mation on wave-length-selective glass.) 
Shading Devices 
When designing a house with conventional win-
dows, charts and recommendations are readily 
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available to help design proper roof overhangs or 
awning projections to shade out unwanted summer 
sun while admitting desirable winter sun. These 
shading devices are not applicable to skylights and 
roof windows. However, many manufacturers 
offer externally mounted awnings and/ or internal-
ly mounted blinds and shades to provide sun con-
trol. On operable roof windows, these shading 
devices typically attach to the sash so that the sash 
can be opened with the shading device in place. 
This allows for maximum shading and ventilation 
at the same time. 
Exterior awnings can be opaque or semi-
transparent. Both types are usually a plastic or 
fiberglass woven mesh. The opaque awnings have 
a tightly woven mesh which blocks the view while 
providing shade. The loosely-woven semi-
transparent type allows viewing and provides 
shade at the same time. 
Interior shading devices consist of roll-up blinds 
and venetian blinds. Roll-up blinds operate much 
like window shades, except that they are held 
against the window at the bottom. They are usual-
iy available in neutral colored fabric on the interior, 
and some manufacturers offer an aluminum reflec-
tive coating on the exterior. If held securely against 
the frame for their entire length, they can help 
reduce winter heat loss by creating an insulating air 
space between the fabric and glass. 
The advantage of venetian blinds over roll-up 
shades is that they can be adjusted to allow in as 
much light as desired and to provide shading and 
University of Illinois SHC-BRC 
Typical roof window installation in a sloped ceiling. 
The splayed opening spreads the light over a larger area 
of the room. 
view at the same time. Some types may also help 
reduce winter heat loss. 
For skylights in hard-to-reach places, some 
manufacturers offer remote operating devices. 
These devices can be as simple as a pull cord or a 
telescoping rod with a hook. Some models are avail-
able with electric remote control operators. 
Flashing 
The simplest skylight to install is a one-piece, curb-
less, self-flashing unit. This is also the least effective 
at stopping water from leaking around the opening, 
especially on low-slope roofs. Some building codes 
contain restrictions on the use of curb less skylights. 
They should be avoided except for covered patios 
and areas where leakage is not harmful. 
Both fixed and operable skylights are available 
as self-flashing, curb-mounted units. The flashing 
can be either plastic or metal, depending on the con-
struction of the skylight. Curb mounting provides 
better protection against leaks than curbless, and 
the self-flashing feature makes them easier to in-
stall. For roofs with a slope of 4 in 12 or greater, this 
method of flashing may be adequate, but most 
manufacturers recommend that a special sloping 
curb be used with flatter roofs. Self-flashing 
skylights also do not work well with thick roofing 
materials such as slate, clay tile, wood shingles or 
some profiles of metal roof. In those cases, flashing 
flanges will not work, and a plain skylight with 
separate flashing, either supplied by the manufac-
turer or custom fabricated, should be used. 
Curb-mounted units with step-flashing offer the 
best protection against leaks. The preformed head 
and sill flashing assemblies supplied by the 
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Roof windows are available in standard widths that 
will permit installation between trussed roof framing 
without modifying the trusses. The existing framing is 
shown in gray, and the framing to be added for the light 
well is in color. 
manufacturer have carefully folded and welded 
corners to guard against leaks in what would be 
complicated locations for job-built flashing. The in-
dividual step-flashing pieces weave between the 
shingles and overlap to give more protection than 
a continuous flashing. Some manufacturers pro-
vide different flashing systems for various roof con-
ditions, such as low slopes and thicker roofing 
materials. 
CONDENSATION 
Even the best skylights are subject to condensation 
if the proper conditions are present. Condensation 
is caused when moisture-laden air strikes a surface 
which is colder than the dew point of the air. The 
air can no longer hold the moisture in vapor form, 
so the moisture condenses into liquid water, or frost 
if the surface is below freezing. (For more on con-
densation, see circular F6.2, Moisture Condensation) 
For windows having double glass with a 1/2-inch 
air space, O"F. outside air temperature and 70"F. in-
door air temperature, condensation occurs at an in-
door relative humidity of 40%. As houses are being 
made more air-tight, it is not uncommon to find in-
door relative humidity levels greater than 40%. 
While indoor humidity can and should be regu-
lated through control of moisture sources and 
mechanical ventilation, window manufacturers 
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A roof window or skylight can provide additional light 
and ventilation to a room on the first floor of a 1 1/2-
story house by using a light well through the area be-
hind the knee wall on the second floor. 
recognize that conditions which support condensa-
tion occur frequently. In order to prevent conden-
sation which forms on skylights from streaking and 
damaging wall and ceiling finishes, and "raining" 
into the room, good quality skylights now come 
with condensation gutters unobtrusively located at 
the sill. 
Installation 
In a room with a cathedral ceiling, skylight instal-
lation is a relatively simple matter. All that is re-
quired is to cut a rough opening in the roof, install 
additional rafters and headers as necessary, and in-
stall the skylight according to the manufacturers in-
structions. 
Rooms with a flat ceiling and an attic above re-
quire more planning and work. In t~ese situations, 
a light well must be constructed. The walls of the 
light well may be vertical, or they may be splayed 
so that the opening in the ceiling is considerably 
larger than the skylight itself. If the skylight is to be 
used primarily as a source of natural light, a splayed 
opening is preferred because the light is distributed 
over a wider area of the room. 
The walls of the light well may be finished in any 
material that is compatible with the room. General-
ly, these walls are insulated wood stud walls, 
covered with drywall and painted. They may be 
paneled, mirrored, wallpapered, etc. The light well 
walls will be subjected to intense sunlight, and 
whatever material is used should be capable of 
withstanding this sun without excessive deteriora-
tion or fading. Fabrics may not be suitable as they 
rot in intense sunlight, and bright paint colors or 
wallpaper patterns may fade. In general, light-
colored surfaces are preferred as they reflect light 
into the room below, making the room brighter. 
When installing a skylight which requires a light 
well, careful thought should be given to its place-
ment. The light well will pierce the attic, and 
ductwork, electrical wiring, etc., will either have to 
be avoided or moved. One manufacturer has solved 
this problem by using a flexible light shaft, available 
as an accessory to the skylight. This shaft is con-
structed of a fiberglass mesh with a light-reflective 
vapor barrier covering on the inside and a reflective 
coating on the outside. The shaft is flexible, and can 
be formed to the desired configuration like a bel-
lows. This allows the shaft to be routed around 
ductwork and conduit. Minimal framing is re-
quired for the shaft. No finish is required on the in-
side of the shaft, but the attic side should be 
insulated. 
For additional information on windows and their use, Circular Fll.O, Window Planning Prin-
ciples, Circular Fll.l, Selecting Windows, Circular Fll.2, Insulating Windows and Screens, and 
Circular Fll.3, Replacement Windows are available for 50 cents each plus shipping and han-
dling: Technical Note 16, Speaking of Windows is a 32-page collection of information on win-
dows, with an illustrated glossary defining windows and their parts. It also includes a 
history of glass and diagrams of window parts and installation. It is available for $3.00 plus 
shipping and handling. A complete list of Council publications is available upon request. 
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ROOFING MATERIALS 
Roofing or roofing materials can be said to have 
two basic purposes. Primarily, a building is 
roofed to protect the structure and its contents 
from the effects of weather. Secondary to protec-
tion, the roofing may provide decorative effects. 
This publication will describe some of the many 
materials and systems available for residential 
roofing, typical application details, and some of 
the problems encountered. 
PROPERTIES OF ROOFING 
In addition to weather pr~tection, roofing mate-
rials must offer fire resistance, durability, and 
beauty. Each type of roofing material possesses 
the material, the way the material is used, and, to 
some extent, the cost of the material. 
The standard fire-resistance of roofing mate-
rials is established by tests conducted by the 
ials is established by tests conducted by the 
Underwriters' Laboratories, Inc. Roofing sys-
tems are classified" A," "B," or "C" in descend-
ing order according to their resistance to flame 
applied to the wearing surface, their ability to 
support combustion, and their suitability for the 
service intended. 
The durability of a roofing product is indica-
ted by the manufacturer, based on experience 
over a long period of time. In some instances, 
roofs will be guaranteed or bonded for a specific 
number of years. The bond, issued by the manu-
facturer and paid for by the building owner, pro-
vides for the replacement of defective materials 
used in the roof. 
Most residential roofing applications are re-
quired to impart a certain amount of beauty to the 
house, or at least not detract from its appearance. 
This may be accomplished by the use of a very 
plain, but not unattractive, material, by using a 
material that will impart color to the roof, or by 
selecting a material that will give the roof a pleas-
ing texture. The choice will be made by the owner 
or architect to blend with or complement the rest 
of the house. 
TYPES OF ROOFING 
Roofing systems can be grouped into two broad 
classifications, multiple-unit systems and mem-
branes. Multiple-unit systems depend for the 
most part on their water-shedding properties to 
keep the interior dry. Shingles, metal panels, and 
asbestos-cement sheets are multiple-unit roof 
systems. On low-sloped roofs, membrane roof 
systems are used. These systems depend on their 
watertightness properties rather than their water-
shedding ability. Built-up roofs and flat-seam 
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metal roofing are examples of watertight-
membrane roofing systems. 
Multiple-unit systems are affected to a great 
extent by the slope of the roof and the exposure of 
the unit to the weather. For example, a wood 
shingle 16 inches long can be applied with a 
5-inch exposure on a slope of 5 inches in 12 
inches, but the exposure must be reduced to less 
than 4 inches if the roof slope is less than 4 
inches in 12 inches. Generally, multiple-unit roof 
systems should not be used on roof slopes of less 
than 4 inches in 12 inches. However, with 
heavier units or units of special design, or with 
special application techniques, they can be used 
on slopes as low as 2 inches in 12 inches. 
Built-up roofs are fabricated on the job by lam-
inating two or more sheets of asphalt-saturated or 
coal-tar-pitch-saturated roofing felts together so 
that a watertight membrane is formed. The top 
layer of felt may be covered with crushed stone, 
marble chips, or gravel as a protective covering. 
In some instances, a heavy, coated felt is used for 
the top layer and is left smooth, or a felt that is 
covered with mineral granules similar to those on 
shingles may be used. Flat-seam metal roofs 
achieve their watertightness by the use of sol-
dered joints so that water cannot enter below the 
metal plates. 
SELECTION OF ROOFING 
The selection of the roofing materials and roofing 
systems is influenced by many factors. The cost 
of the roof, both initially and for later mainten-
ance, is of primary importance. The durability of 
the material will affect both maintenance costs 
and appearance. Short-life materials may have to 
be replaced before they present leakage problems 
because of unsatisfactory appearance. 
RELATIVE RELATIVE RELATIVE 
MATERIAL IN-PLACE COST DURABILITY MAINTENANCE 
Shingle 
Asphalt 
Asbestos-cement 
Slate 
Wood, edge-grain 
Aluminum 
Roll Roofing 
Mineral-surface 
19" selvage edge 
Mineral-surface 
90# cap sheet 
Mineral-surface 
pattern-edge roll 
Built-up roof 
Metal Roofing 
Copper 
Teme 
Aluminum 
Clay Tile 
Low 
Medium 
Expensive 
Medium 
Expensive 
Lowest 
Lowest 
Lowest 
Medium 
Expensive 
Expensive 
Expensive 
Expensive 
Short-Medium Occasional 
Medium Occasional 
Long Minimum 
Medium Occasional 
Long Minimum 
Short Frequent 
Short Occasional 
Short Occasional 
Short-Medium Occasional 
Long Minimum 
Long Minimum 
Long Minimum 
Long Occasional 
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The slope of the roof automatically limits the 
selection. Low-slope roofs require watertight 
systems. Steeper roofs can be covered with 
water-shedding systems. Some materials, such 
as tile and slate, require heavier roof framing 
members. Some building codes prohibit the use 
of wood shingles except when special require-
ments are met because of the fire hazard they pre-
sent. Treating wood shingles will somewhat im-
prove their fire-resistance, but they still may not 
be acceptable in some areas. 
the preceding table lists the durability, rela-
tive cost, fire ratings, and other factors for some of 
the more widely used roofing materials for resi-
dential construction. 
APPLICATION OF ROOFING 
Each roofing material or roofing system has cer-
tain application details that are peculiar to it 
alone. However, there are some general require-
ments that can be applied to almost all forms of 
roofing. 
Good flashing details are a requirement of any 
form of roofing material or system. For multiple-
unit types of roofing, this includes metal drip 
edges, valley flashing, and flashing at the inter-
sections of roofs and vertical walls or chimneys. 
The membrane-types of roofing require similar 
flashing techniques. Some typical flashing ar-
rangements are illustrated. 
Eaves flashing is always recommended for 
multiple-unit roofs in areas where freezing of 
water along the roof edge can occur. Ice formation 
will cause water to back-up under the shingles 
and could then drip into the house. Water 
damage from ice damming usually shows up over 
windows or where the wall and. ceiling join. A 
double layer of No. 15 felt, laminated with plastic 
roofing cement, should extend from the edge of 
the overhang to at least 12 inches beyond the 
underlayment~ 
Valley flashing made up of roll roofing 
F12 .3 Roofing Materials 
Typical ice dam formation 
inside face of the exterior walls. Ninety-pound 
mineral-surfaced roll roofing or 55-pound 
smooth-surface roll roofing may be used instead 
of the double layer of No. 15 felts. On slopes less 
than 3 inches in 12 inches, the eaves flashing 
should extend at least 24 inches beyond the inside 
face of the exterior wall. 
Some materials also require underlayments or 
interlayments of No. 15 or No. 30 felts. For exam-
ple, asphalt shingles require a single underlay-
ment when applied over roofs with a slope less 
than 7 inches in 12 inches . A double underlay-
ment is used when the slope is less than 4 inches 
in 12 inches. Wood shingles do not need any 
underlayment; however, with wood shakes 
(hand-split), an interlayment of an 18-inch wide 
strip of No. 30 felt between layers of the shakes is 
used. Slate shingles are laid over a No. 30 felt, and 
asbestos-cement shingles over a No. 15 or a No. 30 
felt. For low-slope applications, asbestos-cement 
shingles will require 36-inch wide interlayments 
of No. 15 asphalt-saturated felt spaced so that the 
felts overlap at least 18 inches. 
Low-slope application using interlayment felts 
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Single underlayment with metal drip and rake edge 
The requirements for underlayments and in-
terlaymen ts vary not only with the material and 
the slope of the roof but also with the require-
ments of the local building codes and, if financed 
with government-insured loans, with the Mini-
mum Property Standards of the Federal Housing 
Administration. 
PROBLEMS IN ROOFING 
The most troublesome problem in the application 
of shingle-type roofs is improper nailing. Too 
often the shingles are nailed too high or with too 
few nails. When improperly nailed, the shingles 
lack wind resistance and easily crack or blow off 
the roof when subjected to high winds. 
Faulty flashings are the reason for more leaks 
than the roofing materials in residential applica-
tions. Improperly applied flashings will open and 
Gravel guard for built-up roof on flat deck 
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Chimney flashing detail 
allow water to penetrate the roof. Vulnerable 
areas are the gravel guards on flat roofs and flash-
ings around chimneys and against vertical walls 
on roofs of all slopes. Only stepped flashings 
should be used against vertical walls, as shown in 
the illustration. The stepped flashings allows 
water that penetrates to the flashing to run out to 
the surface of the roofing before it can travel side-
ways under the roofing. Careful attention to ap-
plication will prevent these leaks. 
Inadequate attic ventilation can also cause 
problems. Without sufficient attic ventilation, 
condensation can occur on the underside of the 
roof sheathing and drip back to the ceiling, 
making it appear as if the roof is leaking. Distor-
tions of the shingles and rotting of the roof fram-
ing or sheathing can also occur if condensation 
persists. (See Circular F6.2, Moisture Condensa-
tion, for more information.) 
Step-flashing at vertical wall with wood siding 
University of Illinois SHC-BRC 
If "green" lumber (lumber that has not been 
adequately dried) is used for the roof sheathing, it 
may cause buckling of the roofing material as the 
lumber dries and shrinks. 
The backs of asphalt shingles absorb moisture 
from rain and snow when stored without weather 
protection. If these shingles are applied during 
hot, dry weather, they may distort on the roof, 
ASPHALT SHINGLES 
Asphalt shingles have been used for many 
years because they combine good appearance, 
relatively long life and low initial cost. They 
can be used on new construction as well as for 
re-roofing. When used for re-roofing, under 
most circumstances, they can be applied di-
rectly over the old roofing material. The shin-
gle may be made using either a felt material 
(usually made of wood pulp, waste paper, and 
PORCH AND SUN DECKS 
Often the design of a house allows using a flat roof 
section over a garage, carport, or lower floor area 
as a sun deck or open porch. Great care must be 
used when roofing such areas so that a depend-
able wearing surface will result that will remain 
watertight under the abuse of furniture and foot 
traffic. 
An easy method of achieving a dependable 
system is to provide a wood deck (sometimes re-
ferred to as "duck boards") over a built-up roof. 
The deck is made up of one-inch boards (usually 
1 x 4's or 1 x 6's) spaced one-fourth to one-half 
inch apart, supported on 2 x 4' s spaced two feet 
apart. The deck is made up in sections about 
eight feet long to facilitate easy handling and re-
moval should the roofing below need mainten-
ance or repair. The deck sections are placed on 
2 x 6's laid flat on the roof surface and set in plas-
tic roofing cement. The 2 x 6's should be spaced 
about four feet apart. Redwood, cypress, or 
lumber treated to resist decay and rot should be 
used for the deck construction. The panels should 
not be nailed to the 2 x 6' s but may be secured by 
metal braces or wood chocks. No nails or screws 
should be allowed to penetrate into the built-up 
roof membrane below the wood deck. 
In areas where severe or heavy usage or traffic 
can be expected, it is best to consider the use of 
tile or slate. Promenade tile (unglazed clay tile), or 
any ceramic tile rated for outdoor use, may be 
used. Slate is available in various sizes and 
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causing a condition known as "fishmouthing." 
The felts used in built-up roofing are_ suscep-
tible to moisture absorption, and, when applied 
to a roof deck that has not been adequately venti-
lated or protected by a vapor barrier, can buckle or 
expand and cause ridges or blisters to form in the 
roof surface. 
waste rags) or glass fiber material as a base to 
provide strength and stability. While the 
organic felt has proven to be dependable and 
relatively trouble free, the glass fiber can offer 
additional advantages. The glass fiber is more 
stable than the felt and is more resistant to fire 
(Class A). More asphalt is used to coat the fiber 
glass material, so that the resultant shingle is 
more durable and should have a longer life. 
should be 3116 to 3/s of an inch thick. For areas of ex-
treme service, 3/4-inch to l-inch slate should be 
used. The deck receiving the slate or tile is first 
roofed with a 4- or 5-ply built-up roof. On wood 
decks, the tile or slate is set in pitch or asphalt and 
the joints grouted. On concrete decks, tile and 
thick slates (3/4-inch to l-inch) are set in a Portland 
cement grout about %-inch thick. Thin slates are 
set in pitch or asphalt. 
l-inch slats 
Typical wood deck section 
PageS 
~ ~ MATERIAL SIZE WEIGHT, FIRE MINIMUM pounds per RATING SLOPE 100 sq. ft. 
lLJLJLJ 
Asphalt shingles 
No cutouts 12 II X 36 II 240-290 c 4 in 12 
3-tab square strip 10 II X 40 II 235 c 2 in 12 
12 II X 36 11 235-325 C,A with special 
~ n r precautions glass fiber, 3-tab 12 II X 36 II 215-260 A 
glass fiber, random tabs 14 11 X 36 II 300 A 
\Jv0 2-tab square strip 15" X 36 II 300 c 12" X 36 II 235-325 C,A 
'--\___f-\__? 3-tab hexagonal strip 111/3 II X 36 II 195 c 2-tab hexagonal strip 111/3 II X 36 II 195 c 
~ Locking strip 18 11 X 24 II 235 c 191/2 " X 261/2 II 235 c 
D Individual giant 12 II X 16 II 162-325 A,C D 18% II X 24 11 400 A 
~ Locking 16 II X 16 II 180 c 18 II X 20 II 220 c 20 II X 20" 220 c 
0 
0 Staple-locked 16 11 X 16 11 180 c 
Asbestos-cement shingles 
Standard Dutch-lap 16 11 X 16 11 260 B 5 in 12* 
C) Ranch-style 12 II X 24 11 235-258 B 
~ American 14 11 X 30 II 300-440 B, A 3 in 12 
.D Slate shingles 10 11 X 6" 700 4 in 12 to to 26"x14 11 800 
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MATERIAL SIZE WEIGHT, 
pounds per 
100 sq. ft. 
Wood shingles 
Std. 3/t6 II thick Random width 200-300 
16 11-18 11-25 11 long 
Steel shingles 
(30 gauge) 
Aluminum shingles 
(.020 "-.030 11) 
Clay tile 
Spanish 
Mission 
Shingle 
Interlocking 
Metal roofing 
Copper 
Teme 28 ga. 
30 ga. 
Aluminum 20 ga. 
flat-locked seam 
Roll Roofing 
Mineral surface 
19" Selvage dbl. cov. 
2 plies No. 15 felt 
90# Cap sheet 
3 plies No. 15 felt 
Built-up roof 
2 or 3 plies No. 15 felt 
and 1 ply No. 43 felt, 
gravel or smooth surface 
4-5 plies No. 15 felt, 
gravel or slag surfacing 
10 II X 60 II 
10 II X 60 II 
12 11 X 120 II 
SIZE EXPOSURE 
81/4 II X 101/4 II 
111/2 II X 111/4 II 
111/2 11 X 15 11 
8 11 X 8 11 
8 11 X 10 11 
7 11 X 6 11 
81/4 II X 11 11 
88 
36-54 
900 
1250 
800 
to 
1750 
800 
(20 oz.)-125 
(24 oz. )-150 
76 
62 
50 
standing seam 
TOTAL 
NO. OF PLIES 
4 245 
4 222 
3 or 4 
470 
to 
5 600 
FIRE MINIMUM 
RATING S_LOPE 
4 in 12 
3 in 12 
3 in 12 
A 4 in 12 
A 
A 
A 
0 in 12t 
batten seam 
c 1 in 12 
c 2 in 12 
A 0 in 12 
,. May be reduced to 2 in 12 with special application technique, including underlayment 
t With soldered flat-locked seams 
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TYPICAL GUTTERS 
half-round<7 
box-type~ 
BRACKET HANGER 
STRAP HANGE0 
DOWNSPOUT WITH 
STRAP HANGER 
SPLASH BLOCK 
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GUTIERS AND DOWNSPOUTS 
Gutters and downspouts are used to control the disposal of water from 
roofs. They are necessary where the soil is of such a nature that ero-
sion or expansion of soil will occur if the water is allowed to fall freely 
from the edge of the roof. They are also needed where roof overhangs 
are narrow and water flowing over the edge of the roof can cause 
damage to the exterior walls. When gutters are omitted, the design of 
the roof must not allow water to drain directly over entrances. 
Aluminum, galvanized steel, stainless steel, copper, and 
zinc-copper alloys are commonly used to fabricate gutters and down-
spouts. Wood gutters have also been used. When interior down-
spouts are used, they must be cast iron, DWV plastic, or copper pipe. 
Gutters come in a variety of shapes and sizes. The half-round and 
the "box-type" are the most commonly used. Gutters built into the 
roof are not recommended. Downspouts are either round or rectangu-
lar and are usually corrugated for resistance to bursting from freezing. 
The size of the gutter needed is determined by the area of roof to be 
drained and the intensity of rainfall expected. A rule of thumb for 
sizing downspouts is to provide one square inch of downspout for 
each 100 square feet of roof surface. Gutters are selected having ap-
proximately the same area as the downspouts, if downspouts are 
spaced within 40 feet of each other. The width of the gutter should be 
increased one inch for each additional20 feet of gutter between down-
spouts. These ratios may be varied according to rainfall experience. 
The gutters are installed sloping slightly to the downspouts by 
using cast or strap hangers or long spikes with spacers. The hangers 
should be made of the same material as the gutters. The spacing of the 
hangers will be governed by the material used. Copper or copper alloy 
hangers are spaced 30 inches apart; galvanized steel 48 inches; and 
stainless steel 60 inches apart. 
To help prevent water from melting ice or snow from backing up 
underneath the shingles when the gutters are frozen, the gutters 
should be installed with the front edge approximately two inches 
below the roof edge. This will allow the water to overflow the gutter 
rather than ponding at the roof edge and flowing between shingles. 
Downspouts are installed using cast or strap hangers. The down-
spouts are fastened at the top and bottom, and, in addition, one 
hanger is provided for each six feet of downspout. The gutter lengths 
and downspouts are connected to each other by soldering, "pop-
rivets," or slip connections. Slip connections allow the sections to 
move when the lengths expand or contract due to temperature 
changes. Soldered and riveted sections should be installed so this 
movement can take place. 
The downspouts may be terminated by allowing the water to run 
out on the ground or by connection to an underground drain. If the 
water is allowed to flow out on the ground, splash-blocks should be 
provided to prevent erosion of the soil beneath the downspout. The 
ground must slope away from the house. If an underground drain is 
provided, it should be independent of any drainage system provided 
for the basement or foundation of the building. Never connect down-
spouts to footing tiles. (See Circular F2.0, Basements.) 
The drainage system should be provided with wire netting or 
strainers to prevent debris and leaves from clogging the system. Peri-
odic cleaning and inspection are necessary for proper operation. 
Common problems with roof drainage systems are inadequate size 
of gutters and downspouts, gutters not sloped properly, too few 
downspouts, hanger or strap spacing too great, and failure to provide 
expansion joints. 
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GUTTERS AND DOWNSPOUTS FOR 
THE HOME 
Small Homes Council-Building Research Council 
University of Illinois at Urbana-Champaign 
On homes with simple roofs, large overhangs, and 
good site drainage, gutters and downspouts may 
not be necessary. But for most homes, gutters and 
downspouts are strongly recommended. Gutters 
and downspouts may be used on any roof, but they 
should always be used in regions with significant 
rainfall where roof overhangs are less than 12 in-
ches in width for one story or 24 inches in width for 
two stories. 
When water lands on the roof as rain or snow, it 
must be carried well away from the house and the 
foundation. Many house problems result from rain-
water which collects around the house. Most 
problems of dampness in basements and 
crawlspaces can be readily traced to the failure to 
divert rainwater away from the soil near the foun-
dation. (This is usually due to gutters which drain 
incorrectly or to soil which slopes toward the 
house.) Gutters and downspouts are also needed to 
keep roof rain water from eroding or expanding the 
soil, from damaging siding and wall framing, or 
from dropping on an entry area. 
SELECTION 
Gutters and downspouts are made from a variety 
of materials, are available in many styles, and come 
with a variety of accessories. A familiarity with 
these materials, styles, and accessories is required 
to properly select gutters and downspouts for a par-
ticular house. 
Materials 
Materials commonly used to fabricate gutters and 
downspouts are aluminum and steel, and oc-
casionally plastic, copper, and wood. 
Aluminum gutters are sold in prefabricated sec-
tions or can be fabricated on-site in long seamless 
sections. The sections used in residential work are 
usually 10 or 20 feet long. They are available with a 
baked-on enamel finish, usually colored white or 
brown. Aluminum gutters are more corrosion-
resistant than steel, but they are not as strong and 
they may dent easily. The recommended minimum 
thickness of aluminum used for gutters is 0.027 in-
ches, and 0.020 inches for downspouts. The most 
common aluminum gutter shape is the ogee. The 
common downspout sizes are rectangular, measur-
ing 2" x 3" or 3" x 4". 
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Steel gutters are sold in prefabricated sections 
and may be either galvanized or enameled. Steel 
gutters are usually the least expensive; however, 
they have a shorter life compared to other materials 
if they are allowed to rust. Painting galvanized steel 
is difficult. If a finish other than natural galvanized 
is desired, it is best to begin with enameled gutters. 
The recommended minimum thickness of steel 
used for gutters and downspouts is 26-gauge. Steel 
gutters are usually ogee or half-round. Steel 
downspouts can be rectangular or round, and are 
usually corrugated. 
Plastic gutters are sold in prefabricated sections 
joined with special connectors. The color, usually 
white or brown, is the same all the way through, 
and they must not be painted. Long-term exposure 
to sunlight may cause some types of plastic gutters 
to become brittle. Plastic expands and contracts 
with changes in temperature more than any other 
gutter material. The connectors which permit ex-
pansion and contraction of the components are 
critical features of plastic gutter systems. 
Copper gutters are the most expensive of the 
metal gutters and the most difficult to install. They 
require soldered joints, whereas steel and 
aluminum gutters are joined with rivets and seam 
sealer or with slip connectors. Copper gutters are 
usually left unpainted because the greenish oxida-
tion has a pleasing appearance. The oxidized coat-
ing also serves as a protective coating for the metal. 
The recommended minimum thickness of copper 
used for gutters and downspouts is 0.020 inches. 
Wood gutters are found on some older homes. 
Some woods commonly used for gutters include 
redwood, cedar, cypress, Douglas fir, and pine. 
They require more frequent maintenance and in-
spection than other gutter systems. Their value is 
more historic than useful. 
Aluminum and plastic gutters are sometimes in-
stalled by homeowners, using components avail-
able at hardware stores and home centers. Other 
gutter systems are usually installed by profes-
sionals. Gutters and downspouts are often installed 
by general carpenters, by siding installers, and by 
roofers. Systems using copper, or with complex 
detailing, should be installed by companies having 
metal-forming equipment. 
Styles 
Gutters come in many styles-ogee, half-round, 
rectangular, and built-in. Ogee gutters are the most 
common because of their attractive appearance and 
effective rain-carrying capacity. Half-round gutters 
are usually made of galvanized steel and have an 
industrial appearance. They are rugged, but their 
capacity is small. The most common rectangular 
gutters are plastic. Built-in gutters may be of wood 
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Ogee 
Rectangular 
Some common gutter styles. 
or metal. All built-in gutters must be made on the 
site, because there are no standard components. 
PLANNING 
The size of gutters and downspouts is determined 
~y the quantity of water they must carry. Residen-
tial gutters are usually five or six inches wide at the 
top. A five-inch gutter can be used where the dis-
tance between downspouts is less than 30 feet, 
where the roof pitch is 9 in 12 or less, and where the 
:oof area to ~e ~rained is less than the gu:tter length 
1n feet multiplied by 30. Most other cases require 
six-inch gutters. 
Downspouts should be sized to allow one square 
inch of downspout for each 100 square feet of roof 
area. Since a 2x3 downspout has six square inches 
of section area, it can carry the water from 600 
square feet of roof area. A 3x4 downspout can drain 
a 1200-square-foot roof area. It is a good idea to use 
actual roof area rather than the plan area, because a 
steeper pitch needs a bigger gutter. 
Downspouts are usually placed at each major 
corner of the house. If the distance between comers 
is more than 50 feet, or if the gutter length is not a 
straight run, an intermediate downspout is recom-
mended. 
In regions where freezing is common, 
downspouts should not deposit water near 
walkways. A common trouble spot is the comer of 
the garage, where a sidewalk often joins the 
driveway. If possible, the downspout should be 
relocated. Otherwise, a properly sloped under-
ground drain may be necessary. 
Downspouts which discharge onto walks may create an 
ice patch during freezing weather. The downspout 
should be relocated or connected to a drain beneath the 
sidewalk. 
F13.1 Gutters and Downspouts 
In calculating the area drained by a gutter or 
downspout, use the actual roof area, not the area of the 
house under the roof. 
If one roof drains onto another roof, the recom-
mended method is to use a section of downspout 
that la~s on the roof to run the water from the upper 
gutter Into the lower one. Any water discharging 
directly onto the lower roof can erode the roof sur-
face. 
GUTTER INSTALLATION 
Gutters may be installed level or sloped toward the 
downspout. Where appearance is a consideration 
and building lines must be straight and true, level 
gutters are preferred. In any case, water should not 
remain standing in the gutter. 
Whether gutters are installed level or pitched, 
the back edge of the gutter should be placed under 
the front edge of the metal gutter apron or drip 
edge. If the roof does not have a drip edge, one 
should be installed prior to installing gutters. This 
will prevent water from getting behind the gutter 
and rotting the fascia. 
If the back edge of the gutter is below the drip 
edge, a narrow strip of the same metal as the gutter 
~an be placed behind the drip edge and extending 
Into the gutter, so that water runs into the gutter and 
not behind it. 
A gutter apron has a long flange which extends 
into the gutter. Style D drip edge must be installed 
carefully, making sure that the bottom flange runs 
water into the gutter, and that the upper surface is 
not bent upward by improper nailing. 
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To drain water from one section of a roof to a lower sec-
tion, a length of downspout laid on the roof should be 
used to carry the water to the lower gutter. 
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In areas where snow and ice are common, the front edge 
of the gutter should be below the roof plane. 
In areas with snow and ice, the gutters should be 
set low enough that a straightedge laid on the roof 
extends over the outside edge of the gutter. This is 
to prevent an ice or snow slide from tearing the gut-
ter loose. 
No matter what material is used, gutters expand 
and contract with changes in temperature. The gut-
ter system must be installed to allow the expansion 
and contraction of the components. 
Gutter hangers should be made of the same 
material as the gutters. There are a variety of types 
of gutter supports or hangers, including bracket, 
strap, and spike-and-ferrule. In deciding which 
method of supporting gutters is most acceptable, 
consider appearance, expected life, ice loading, size 
of gutter, material, and expansion. The maximum 
spacing of supports for aluminum and copper gut-
ters should be 32 inches; for steel gutter, 48 inches. 
In areas where ice and snow remain for much of the 
year, gutter supports should be no more than 16 to 
24 inches apart. The supports must not only keep 
the gutter in place under the load of water, snow 
and ice, but also should keep the gutter from bend-
ing inward when ladders are placed against it. 
Care must be taken not to bend the drip edge upward by 
forcing it against the fascia. 
Gutter Apron 
Two edge treatments-a gutter apron and a Style D drip 
edge. 
Brackets (sometimes called cradles) are secured 
to the fascia board or nailers by two fasteners. 
Straps are nailed to the roof sheathing, making sure 
the shingle overlaps the strap. Straps should never 
be nailed through the upper shingle. 
When spike-and-ferrule supports are used, the 
length of the ferrule should be equal to the inside 
dimension of the gutter at the bead. The spikes 
should be 3 inches longer than the ferrules. If the 
fascia board is less than 2 inches thick, the spikes 
must be driven into the rafter ends. 
Wherever two sections of gutter or accessory are 
joined, a connector is used. It can provide either a 
fixed joint or an expansion joint. A simple overlap 
of gutter sections is not acceptable because gutter 
sections are not designed to be nested. Fixed joints 
in metal are made using enlarged sections of gutter, 
suing rivets and sealants. Plastic gutter systems 
may use a fixed joint accessory which is solvent-
welded to the gutter on each side. 
Expansion joints are commonly used. They 
allow gutter sections to expand and contract 
without breaking a fixed joint. The expansion con-
nector in metal systems holds the ends of the gut-
ters in alignment but permits lateral movement. 
The common plastic connector uses a neoprene 
seal. Expansion joints should be provided on runs 
of gutter in excess of 40 feet. They should also be 
provided where expansion or contraction of the 
If the back of the gutter is below the flange of the drip 
edge, a s~ip of coil stock should be inserted behind the 
flange and extending into the gutter. Typical gutter hangers. 
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Leaf Screen 
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gutter could damage comers. (This is particularly important on houses with hip 
roofs.) 
Location of expansion joints can influence the location of downspouts. Some 
types of expansion joints act as a dam in the gutter; therefore the gutter sections 
on either side of the expansion joint must be drained. 
Comers for gutter systems are usually manufactured and sold as part of the 
gutter system. Many comer accessories are designed with an expansion joint con-
nector. The one other common gutter installation accessory is an end cap. 
DOWNSPOUT INSTALLATION 
Downspouts are connected to gutters by outlets or end drops. Outlets are attached 
with rivets or sheet metal screws through a hole cut in the gutter. The edge of the 
opening is usually sealed with a mastic. An end drop is a gutter accessory made 
up of a length of gutter with an outlet already in place. 
Straight downspout material usually comes in 10-foot lengths, which can be cut 
to the proper length. 
If the downspouts deposit water directly into a municipal storm drainage sys-
tem, sometimes an air pressure relief system known as a leader is installed. 
Elbows are used where the downspout turns. Most elbows make a 75 ° angle 
and come in styles "A" and ''B". The crook of the elbow is along the long side in 
"A" and the short side in "B". The assembly of elbows and straight material that 
goes from the gutter outlet to the wall is called the return. The angle of the return 
is usually 75 ° because of the availability of elbows with that bend. 
One end of downspout lengths and elbows is usually crimped so that it fits in-
side the section below. Sections are usually fastened with pop rivets. Sheet metal 
screws may rust or corrode, and the points inside can catch and collect debris. 
Strap hangers or hooks are used to mount downspouts to the house. They 
should be made of the same material as the downspout. A minimum of two straps 
should be used on a 10-foot length of downspout. 
Accessories 
Accessories for gutters and downspouts include leaf screens, basket strainers, and 
gutter baffles. The accessories should be made of the same material as the gutter 
and downspout. 
End Drop 
Style A Elbow 
Downspout 
Strap Hanger 
Leaf screens are used to keep debris out of gutters. The screens can be made of 
1/4-inch hardware cloth, expanded metal, or plastic mesh, and are sometimes Splash Guard 
enclosed in a metal frame. The frame is screwed to the gutter bead (the strong out-
side edge of the gutter) and supported by resting on the gutter spacer. They should 
be hinged or removable for cleaning. 
Basket strainers, made of molded wire, are inserted into the gutter outlet tubes 
and are held in place by friction. They are used to keep debris out of downspouts. 
Basket strainers must be cleaned regularly. 
Valley guards are used below valleys, where water has a tendency to shoot over 
the gutter during heavy rainfall. They should extend 2 to 4 inches above the front 
edge of the gutter. Metal screws or rivets are used to secure the baffle to the gut-
ter bead. Typical metal gutter system. 
F13.1 Gutters and Downspouts Page 5 
Leaders are sometimes used when the downspout is con-
nected to an underground drainage system. 
GROUND LEVEL DRAINAGE 
Downspouts should never discharge directly 
downward onto the soil. All the rainwater must be 
directed into a subsurface drainage system that 
works correctly, or discharged onto the soil surface 
so that it runs away from the foundation of the 
house. 
Getting water beyond the foundation backfill 
(usually at least two feet for crawl spaces and four 
feet for basements) is the most critical part of con-
trolling runoff from the roof. Failure to do so 
properly can result in foundation problems ranging 
from wet basements to structural failure. Water 
should be discharged at a point where it can flow 
freely away from the house. This can be done by 
using horizontal extensions on the end of the 
downspouts, leading to splash blocks. Splash 
blocks, either plastic or concrete, reduce erosion. 
Perforated canvas or plastic sleeves may also be 
used. 
In any case, the soil around the foundation 
should slope away from the house six inches verti-
cally in the first ten feet (be sure to keep the soil at 
least 8 inches beneath the bottom of the siding). 
This drainage surface should be maintained when 
adding landscaping material or plantings. 
The slope should be checked every few years to 
make sure that the backfill has not settled. Note that 
I 
Improper ground-level drainage can permit water to ac-
cumula~e near the foundation and in the gravel or sand 
base beneath driveways, patios, and walks. 
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Landscape Fabric 
10 Feet 
A dry well can be used to dispose of roof runoff in areas 
with porous soils. 
gravel or other ground cover tends to retain water. 
The slope must be established beneath the landscap-
ing materials. 
Discharging water where it can flow into the 
gravel base beneath concrete drives, walks, and 
patios could lead to problems. It can cause water to 
flow into the basement or crawl space, and it can 
cause cracking due to settlement or frost-heaving of 
the slab. Discharging water onto patios, walks, or 
driveways may cause icing in the winter. Keep 
downspout discharge well away from these areas. 
Subsurface discharge requires some kind of un-
derground drainage system. This drain must be in-
dependent of the house foundation drainage 
system. Drainage systems for downspouts some-
times drain to a city storm-drain system. Check 
with city officials to find out if this is allowed. 
Dow~~pout drainage systems can lead to a dry 
w~ll. This Is a large hole or barrel in the ground filled 
with rocks and covered with wood or concrete to 
keep out the soil. The dry well should be located 
away from the house and only used in soil that 
Proper drainage ensures that all water flows away from 
the foundation. There should be a slope of six inches in 
ten feet completely around the house. 
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drains easily. Dry wells do not work well in silty or 
clayey soils. The drain line connecting the 
downspout to the dry well should be made of cor-
rugated plastic. Older systems that use clay tile are 
easily damaged from the freezing and thawing, 
causing leaks, particularly at the underground 
elbow. These leaks are difficult to detect and correct, 
and could allow water to damage the foundation. 
If the downspouts are connected to a storm sewer, 
defects in the system can lead to water problems in 
basements. When replacing or repairing older un-
derground systems, corrugated plastic pipe should 
be used. 
INSPECTION AND MAINTENANCE 
Improperly maintained gutters can fail, causing 
rotting or premature wear of siding and trim, soil 
erosion, and uncontrolled rainwater seeping 
through the foundation. A mass of decomposing 
leaves and seeds can produce metal-eating acids as 
well as hastening corrosion by holding water for 
hours or days after a rain. The freeze/thaw cycle of 
water can stress a gutter system as well. Periodical-
ly inspecting the gutter system permits catching 
and curing gutter problems when they are small, 
keeping maintenance simple, quick, and inexpen-
sive. 
The gutter system should be inspected at least 
twice a year-spring and fall. More frequent ex-
amination is required if the house is located in a 
heavily wooded area. First, check for separated sec-
tions of gutters and downspouts, and for sags in the 
gutter where sections may be pulling away from the 
fascia. Look for signs of water on siding, brickwork, 
and soil, which may indicate leaks or overflow. Also 
look for water stains on the fascia-an indication 
that water is seeping behind the gutter. 
For many houses, gutters and downspouts 
may not be the best method of providing rain-
water drainage. Especially in wooded areas, gut-
ters and downspouts tend to clog easily. A 
practical system is to allow the water to drip from 
the roof edge (using a metal drip edge or gutter 
apron to protect the fascia) into an underdrained 
gravel bed. A drained gravel bed is created by 
digging a 8-12-inch-deep trench parallel to the 
foundation and beneath the drip line, lining the 
bottom and foundation side of the trench with 
polyethylene, laying a perforated drain tile in the 
bottom, and backfilling the trench with gravel. 
Limestone gravel should not be used because it 
dissolves. River gravel works well and is a com-
mon landscape treatment. The tile should empty 
down slope from the foundation. 
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A ladder should be used for a closer inspection. 
A stepladder is usually not tall enough to s~fely 
reach the roof on even one-story homes. A straight 
or extension ladder with a U-shaped stand-off 
bracket to hold the ladder away from the wall 
provides better access to the gutters. For proper lad-
der use, follow the ladder manufacturer's safety 
guidelines, which are usually found on the ladder. 
Check for debris that may be clogging gutters 
and downspouts, sagging gutters,loose supports or 
connections, and leaks. Also check to see if the 
water is draining from the downspouts properly 
and continuing away from the house. 
Finally, use a garden hose on the roof to make 
sure that all the water flows to and through the gut-
ters and downspouts. 
Maintenance of the gutter system includes clean-
ing and repairing the main components. 
Downspouts can be cleaned by pushing a garden 
hose down into the outlet tube. The weight and 
pressure of the water will free most small clogs. For 
tougher clogs, use a plumbers snake or take the 
downspout apart in sections and clean it on the 
ground. Other than leaves and bird nests, the most 
common clog found in downspouts is a tennis ball. 
Bird droppings, incidentally, are very corrosive to 
gutters and downspouts. 
The lower ends of downspouts require frequent 
attention. Poorly fastened elbows and extenders 
may leak water directly against the house. 
Downspout extenders must often be re-attached 
after mowing lawns. Splash blocks should be 
checked to see that they slope properly. Settlement 
of the soil near the foundation often causes them to 
slope backwards. 
To repair gutters, the required tools include butyl 
or silicone caulk to repair small leaks and reseal 
Drip Line 
Polyethylene 
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joints, a stiff wire brush to clean the area to be 
repaired, thin material (metal, plastic, or fiberglass 
mesh) for a patch, roofing cement, a paint scraper 
or putty knife to apply the comment, gloves, and a 
bucket for gutter debris. A can of bug-spray may 
also come in handy for battling wasps or hornets. 
Gutter patches should be as smooth and flat as pos-
sible. A lump in the middle of the gutter will catch 
leaves and debris, and dam up the water. 
Aluminum gutters should not need painting. 
Galvanized steel gutters may be difficult to paint. 
New galvanized steel gutters usually have a light 
coating of oil which must be entirely removed 
before painting. They may be thoroughly washed 
before installation, or exposed to the weather, or 
upickled" with a very dilute solution of muriatic 
acid. A special zinc-based primer or a cement-based 
paint should be used. Before repainting old steel 
gutters, all rust should be removed with a wire 
brush. 
Repairing wood gutters is difficult. Many wood 
gutters have been repaired with asphalt or tar com-
pounds in the past. This does not work, and the first 
step in repair usually involves removal of old as-
phalt patches. The exposed wood gutter should be 
inspected for soft, rotted sections, using an icepick 
or thin screwdriver. If there are only few soft sec-
tions, they can be repaired economically using an 
epoxy consolidant. Extensive repairs usually re-
quire either milling new sections of gutter or replac-
ing the entire system with a conventional metal 
gutter. 
COMMON PROBLEMS 
A gutter and downspout system should carry all 
the rainwater from the roof. If it does not, the 
problem may be caused by leaks, clogging, or the 
failure of supports. 
A more severe and more common problem oc-
curs when the system does not carry rainwater 
away from the house foundation. Most problems 
of flooding, dampness, and mildew growth in base-
ments and crawl spaces can be solved by correcting 
the drainage system. 
If a basement comer is wet or discolored, the 
downspout in that comer is usually the culprit. 
Check for leaks, and for discharge too close to the . 
house. If the downspout discharges into a tile, it is 
possible that the tile is broken or clogged. If it is 
broken, it should be removed and replaced; if 
clogged, it should be cleaned out with a snake. If 
the underground drainage system does not per-
form properly, it may be better to change to surface 
drainage. 
Leakage through crawl space or basement walls 
often occurs in areas covered by concrete slabs, such 
as patios, walkways, and garages. In most of these 
cases, the backfill has settled beneath the slab, al-
lowing water to run along the foundation beneath 
the slab to reach the point of entry. The sand or 
gravel fill beneath these slabs also conducts water 
readily. Inadequate downspout drainage often 
feeds these channels. 
The most common problem, and one that often 
causes further damage, is improperly terminated 
downspouts. This problem can be avoided by locat-
ing the downspout where the water can freely flow 
away from the house. By preventing all of these 
problems from occurring, and by correcting them 
when they do occur, bigger and more expensive 
problems can be avoided. 
CONCLUSION 
Gutters and downspouts play an important role in 
maintaining the appearance, structural integrity, 
and, consequently, value of the home. With proper 
planning, careful installation, and periodic inspec-
tion and maintenance, gutters and downspouts will 
help protect a house from the potentially damaging 
effects of water throughout its life. 
Council Notes are now being issued on a quarterly 
basis. For current information on housing topics 
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BRICK AND CONCRETE MASONRY 
Masonry construction offers the homeowner one of the most durable and easily-maintained walls he can 
buy. Properly constructed with sound materials, masonry will give almost unlimited service with a 
minimum of maintenance. However, though strong and durable, a masonry wall still requires insulation 
to minimize heat losses, and, being heavier than frame construction, may require a larger or stronger founda-
tion. An improperly-constructed masonry wall may allow rain penetration, and subsequent damage due to 
freezing of the water inside the wall or staining of the wall surface can be expensive to repair. In making a 
choice between masonry or frame construction, the prospective homeowner should weigh the advantages 
and disadvantages of each system to determine which would better fit his particular requirements. 
This circular will describe the various materials used in brick and concrete masonry construction; 
some of the more common masonry systems, and the details that go into making masonry walls strong, 
durable and weather-resistant. 
STANDARD BRICK 
21,4"x33_4"x8" 
MODULAR BRICK 
ROMAN BRICK 
1 %"X 33_4" X 12" std. 
2" x 4" x 12" mod. 
NORMAN BRICK 
23_4" X 3*" X 12" std. 
221," x 4" x 12" mod. 
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BRICK UNITS 
Brick is one of the oldest of the manufactured building materials. A small 
building unit usually rectangular in shape, it is made from clay or shale 
and hardened by heat, and may be either solid or cored (so long as the 
coring does not exceed 25% of the volume of the brick). 
Types: Two types of brick are generally used in residential construction: 
1 ) building brick (very often referred to as common brick) , and 2) face 
brick, made especially for facing purposes and often treated to produce a 
variety of surface colors and textures. 
Fire brick is a special type of brick made of a refractory ceramic ma-
terial which has a high resistance to heat. It is used chiefly in the con-
struction of fireplace linings and hearths.* 
Grades: Both building brick and face brick are graded on the basis of 
their resistance to weather, especially on their resistance to the effects of 
freezing when permeated with water. Face brick is also graded on the 
basis of the appearance of the finished wall, each grade of brick specifying 
the variations in color, size and texture permitted and the degree of 
mechanical perfection required. 
Sizes: At the present time, brick is available in both standard and modu-
lar sizes.** In some areas both types are available, but in others only 
the standard brick is manufactured. Some of the more popular sizes are 
shown at the left. 
Standard brick is specified by its actual size. Modular brick is speci-
fied by its nominal size - that is, the actual dimension of the brick plus 
an allowance for the mortar joint. For instance, a brick nominally 12 
inches long would actually measure only 11 Y2 inches long if it were 
designed to be used with Y2-inch mortar joints. If designed for use with 
%-inch mortar joints, then it would actually measure 11 % inches long. 
(Building brick is generally designed for Y2-inch joints, face brick for 
Y2 -inch, %-inch, or 14-inch joints.) 
• See Small Hames Council circular, F7.0- "Chimneys and fireplaces." 
•• Modular bricks are sized so that when made up into a wall they will form increments of 4 inches or 
8 inches. 
t TM Reg. U.S. Pat. Off. Pat. Pend. SCPRF 
BAT SOLDIER HEADER 
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Although it appears that one would get more square feet of brick wall 
by using standard brick (since they are dimensionally larger) , the use of 
modular units actually results in greater economies and less cutting and 
waste when used in combination with other modular components such 
as windows, doors and concrete masonry units. 
Color and Texture: Nearly 99% of the brick manufactured today is in 
the range of the reds, buffs and creams. The actual color varies with 
the chemical content of the clay, which, in turn, depends upon the source 
of the clay and the additives used in the manufacturing process. Color 
is also affected by the method of manufacture and the length of time the 
brick is left in the kiln. Texture is produced by the addition of various 
chemicals and in the method of molding and cutting the brick. The 
variety of colors and textures available is limited only by the imagination 
of the designer. 
CONCRETE UNITS 
Concrete masonry units account for a major share of the masonry con-
struction being built today. They are used for both load-bearing and 
non-load-bearing walls and partitions, retaining walls and foundation 
walls. They also are used as back-up for brick, stone, stucco and other 
facings, and for fireplaces and chimneys, decorative grills and screens, 
and outdoor paving. 
Types: Concrete masonry units are generally classified as being either 
hollow or solid, and either load-bearing or non-load-bearing. These units 
may be either heavyweight or lightweight. Heavyweight units are made 
with aggregates such as sand, gravel, crushed stone and air-cooled slag. 
Lightweight units are made with coal cinders, expanded shale, clay or 
slag, and natural light-weight materials such as volcanic cinders and 
pumice. The type of aggregate used in the block will affect its texture, 
porosity, weight, insulative and acoustical value. 
Sizes: Most concrete masonry units are specified by their nominal dimen-
sions. The most popular unit is the 8 x 8 x 16 (which actually measures 
7%" x 7%" x 15%" , thus allowing for a %-inch mortar joint). Among 
other sizes available are the 8 x 4 x 16, the 10 x 8 x 16 and the 12 x 8 x 16 
(all nominal sizes), and a variety of special shapes such as jamb units, 
chimney units, bullnoses and corner units. 
Split block and slump block are both special concrete units used where 
a rough, stone-like effect is desired. Split block is made by splitting a 
solid concrete unit length-wise and exposing the "split" side. Slump block 
is made from concrete especially mixed to sag when the mold is removed 
instead of taking the exact shape of the mold. The resulting blocks vary 
in height, texture and general appearance. 
Concrete brick is available in sizes similar to those of clay brick. 
STRETCHER 
Circular F17.2 Brick and Concrete Masonry 
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CORED BRICK 
STRETCHER BLOCK 
BULLNOSE BLOCK 
METAL SASH BLOCK 
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TYPES OF MASONRY WALLS 
Solid Masonry Walls 
Solid masonry walls may be constructed in two 
ways: either as a wall one-unit thick or as a wall 
two or more units thick. The most common single-
S~NGLE-UNIT SOLID MASONRY WALL BUILT WITH 8 X 4 X 16 
CONCRETE BLOCK 
SINGLE-UNIT SOLID MASONRY WALL BUILT WITH "SCR brick" 
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unit-thick type of wall as made of 8-inch concrete 
block, and may be used either as an interior or 
exterior wall. 
It is also possible to build a single-unit-thick 
solid masonry wall of clay masonry by using "SCR 
brick." This is a special clay brick unit 6 inches 
thick developed by the Structural Clay Products 
Research Foundation especially for one-story resi-
dential work. The standard details of the wall in-
clude furring, which forms an air space that acts as 
an insulator and as a barrier to moisture penetration; 
weep holes, to allow the escape of any moisture that 
does penetrate; and flashing. 
Multiple-unit solid masonry, once the most com-
mon type of masonry wall, is still required by some 
local building codes. The walls may be composed 
of either clay or concrete units or a combination of 
the two. Normally, a higher-grade unit is used as 
the facing and a less-expensive unit as the back-up. 
Masonry headers or metal ties are used to tie the 
face units to the back-up units. (A masonry header 
is a brick laid across two thicknesses of the wall.) 
DOUBLE-UNIT SOLID MASONRY WALL BUILT WITH FACE BRICK 
AND CONCRETE BACK-UP BLOCKS 
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CAVITY WALL WITH COMMON BRICK INTERIOR AND FACE 
BRICK EXTERIOR 
Cavity Walls 
A cavity wall consists of two masonry walls- each 
at least 4 inches thick - separated by a continuous 
air space and tied together by rigid metal ties em-
bedded in the mortar joints of both walls. The air 
space, generally 2 to 3 inches wide, acts as a barrier 
to moisture penetration and increases the insulative 
value of the wall. 
Weep holes and flashing are provided at the base 
of the wall to allow water or moisture that does 
penetrate the outside face to escape. Furring of the 
inside face is not necessary. The inside face can be 
left exposed as a decorative element or plastered 
directly. 
Veneer Walls 
A veneer wall is technically not a masonry wall at 
all, but a frame wall with masonry used in place of 
the siding. In this type of wall, the masonry (which 
may be clay brick, concrete brick, split-block or 
stone) serves no structural purpose aside from sup-
porting its own weight, and acts only as a finished 
surface for the frame wall. The masonry is only 
one unit thick, and is tied to the frame wall by gal-
vanized metal ties spaced so there is one tie for each 
2 square feet of wall area. A %-inch air space is 
provided between the veneer and the sheathing. 
Water or moisture that penetrates the veneer is al-
lowed to escape through weep holes at the base of 
the wall. VENEER WALL WITH FACE BRICK 
FASTENING MATERIALS TO MASONRY WALLS 
Fastening of materials such as wood trim and fix-
tures to masonry walls is relatively simple if planned 
and provided for during construction of the walls. 
Wood trim can be nailed into metal nailing 
plugs or soft wood blocks placed in the vertical 
joints of the wall. Metal plugs are available with 
or without fiber inserts, and are superior to the 
wood blocks. If blocks are used, they should be well-
seasoned and treated to prevent rot and shrinkage. 
Cabinets, shelves or other fixtures can be fas-
Circular F17.2 Brick and Concrete Masonry 
tened to hollow units with toggle bolts of various 
types. Wood or fiber plugs or metal expansion 
shields may be used in either solid or hollow ma-
sonry units. Holes for these plugs are usually drilled 
into the mortar joints with carbide-tipped drills. 
Furring is attached to walls either by using case-
hardened nails driven into the mortar joints, metal 
or wood nailing plugs placed in the wall during 
construction, or some of the newer adhesives which 
set without heat or pressure. 
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ESSENTIALS OF WEATHER-TIGHT CONSTRUCTION 
Because masonry walls are made up of many small units, it is essential that careful attention be given to 
the factors contributing to the weather-tightness of the wall. Moisture problems may result either from 
penetration of water from the exterior or from the condensation of water vapor from the interior.* Ex-
terior moisture penetration can be minimized by attention to the construction details discussed below. 
Moisture penetration from the interior of the building is discussed later under Insulation. 
Mortar 
CONCAVE JOINT 
Mortar, the material used to bind the masonry units together, is a mix-
ture of portland cement, lime and sand, or a mixture of masonry cement 
and sand. The quality of the mortar and the way it is mixed can deter-
mine to a large extent the strength and water-tightness of a masonry wall. 
A good mortar must have the ability to retain water (otherwise it loses 
its plasticity too quickly and becomes stiff and unworkable ) , and must 
also be able to retain its compressive and tensile strength when subjected 
to varying weather conditions. The proportions of the ingredients in the 
mortar can be changed to meet different requirements for workability 
and strength. 
V-JOINT 
Workmanship 
RAKED JOINT 
The quality of a masonry wall depends to a great degree upon the skill 
of the mason. Unless especially treated, high-absorption clay bricks must 
be wetted prior to laying so they do not absorb water too rapidly from 
the mortar. All vertical and horizontal joints must be completely filled 
with mortar, since any channels or pockets left in the joints provide an 
entry for water. When the mortar in the joints has partially stiffened, it 
should be pressed tight against the brick with a special tool. This tooling 
not only compresses the mortar and creates a firm bond, but also helps 
protect the joint against the entrance of water. Concave joints and 
V-joints are recommended for exterior masonry. Raked joints form 
ledges that can hold water and may produce leaks. Flush joints are not 
considered as desirable as concave or V-joints because the mortar is not 
compressed when the joints are formed. 
• See Small Homes Council circular f6 .2- "Moisture Condensation." 
FLUSH JOINT 
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Efflorescence 
One of the most common problems occurring with masonry walls is efflorescence - a 
deposit of water-soluble salts which appears on the outside surface of the wall or in the 
pores of the masonry. Although the deposit is usually white in color, certain salts result 
in a green deposit commonly called "green stain." Three conditions are necessary to pro-
duce efflorescence: 1) presence of the salts in the wall; 2) contact of water with the 
salts; and 3) path through which the water can reach the surface of the wall. Since sol-
uble salts are found in all masonry units and mortars to some degree, the best preventa-
tive measure for efflorescence is to keep water penetration into the wall to a minimum. 
As discussed previously, proper flashing, full mortar joints, attention to details at 
vulnerable areas, and the caulking of exterior door and window frames will reduce water 
penetration. In areas where high wind-driven rain can be expected, coating the inside 
face of the facing units with a portland cement mixture has proved an effective water 
barrier. 
University of Illinois SHC-BRC 
Flashing 
Under severe weather conditions, some water penetration will occur in 
most masonry walls, no matter how well-constructed they are. To con-
duct this moisture safely to the exterior of the wall, flashing is installed at 
these vulnerable points: 1 ) the grade line; 2) the sills and heads of open-
ings; and 3) intersections of vertical masonry construction with horizontal 
surfaces. 
Flashing must be selected and installed with care. Although the 
choice of flashing is largely determined by cost, it should be remembered 
that the cost of replacing deteriorated or defective flashing can easily 
exceed any initial savings made by selecting less-expensive materials of 
inferior quality. Improper installation can also result in serious damage 
to the structure. 
Flashings are usually formed of sheet metal (generally lead, zinc or 
copper), bituminous membrane material, or a combination of both. 
Generally, the sheet metals are more permanent, followed in order by 
the combination materials and the bituminous membranes. Combination 
flashings are made by laminating a light copper sheet between two sheets 
of bituminous-saturated (such as asphalt) fabric sheets. 
External flashing is used to make a weathertight joint at intersections 
of vertical masonry construction with a relatively flat surface (a roof and 
chimney, for instance), and consists of two parts: the base flashing which 
covers the flat surface and is turned up against the vertical surface; and 
the cap or counter flashing, built into the vertical surface and turned 
down over the base flashing. 
Internal flashings are built into the wall to direct any moisture which 
penetrates the wall to the exterior surface. When possible, the front of 
the flashing should extend through the wall and form a drip. Water 
caught by the flashing should be drained by weep holes spaced along the 
mortar joint in which the flashing is placed, or by wicks formed of cotton 
rope or glass fiber. 
Projecting trim such as window sills should be designed with a "V" 
slot on the underside to let the water drip free of the wall rather than 
run back along the undersurface of the sill and down the face of the wall. 
The concentration of large amounts of water under sills or other pro-
truding elements without drips not only causes efflorescence but also may 
deposit large amounts of dirt on the face of the wall under the projecting 
element. 
WINDOW SECTION SHOWING 
HEAD FLASHING, SILL FLASH-
ING, AND BASE FLASHING 
Surface Treatments 
Masonry walls above grade actually need no additional exterior treatment when properly 
constructed. However, surface treatments can be used, either to change the appearance 
of the wall or make it more water-repellant. 
Paint films retard evaporation of any moisture which has penetrated the wall, caus-
ing the moisture to remain in the wall for a longer period of time. (In cold weather this 
moisture may freeze in the wall.) For this reason, the best surface treatments for both 
brick and concrete walls are those which allow water vapor to escape through them, such 
as the portland cement base paints and some of the newer synthetic resin paints. Concrete 
masonry also serves as an excellent base for stucco, which is applied in much the same 
way as plaster. 
Transparent surface treatments such as silicones are effective in making masonry 
walls more water-repellant, and will seal hairline cracks. They will not correct defective 
flashings, bad mortar joints or poor grades of brick. 
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PATTERNS IN MASONRY WALLS 
The pattern in a masonry wall is formed by the way 
in which the individual units are arranged. Many 
of the patterns were developed as a direct result of 
the method used to tie or bond the thicknesses of the 
wall together. Some of the more popular patterns 
are running bond, stacked bond, English bond, and 
: ... ___ , ~---~ 
·---------~ _____ .. ~ --· .. ____ ( 
,__ ___ r ----• 
·----t ;----~ _. ___ D r
·----· ____ , -----~ ~---· 
·----------· ._ ___ . RUNNING BOND STACKED BOND 
Flemish bond. Special decorative effects, such as a 
herring-bone pattern or a mosaic appearance, may 
be achieved by carefully selecting the units as they 
are placed in the wall or by setting units forward or 
depressing them into the surface of the wall to form 
the pattern. 
-----· ----· ~ --- - .. ~--------
·--·---·----· .]·- · · ·--------
------· -----· )-------·--------- ~'; · ·----·· ....•••.... ____ , j---- ~ 
··---··· ········-
,_ ____ tl ----··; 
FlEMISH BOND ENGLISH BOND 
INSULATING MASONRY WALLS 
Requirements for insulation in masonry walls de-
pend upon the severity of the weather, the comfort 
desired and the savings which can be gained in 
heating and cooling operations. 
Solid masonry walls can be insulated by apply-
ing furring strips to the inside wall, thereby creating 
an air space in which the insulation can be placed, 
or by applying expanded (foamed) glass or plastic 
insulation in board form to the wall. This board is 
then used as a plaster base. 
Cavity walls can be insulated with a water-
repellent pouring-type vermiculite or glass fibers 
especially developed for use in masonry walls. (This 
insulating masonry fill can also be used to fill the 
cores of concrete masonry units.) Insulation in the 
form of expanded glass or plastic can also be applied 
in the cavity. 
Brick veneer walls are insulated in the same way 
as other frame walls- with flexible-type insulation, 
reflective foil, or insulating board. 
Vapor barriers should always be provided as 
near to the warm surface of the wall as possible. 
When the wall is furred, the vapor barrier is applied 
in the same manner as in frame construction. Recent 
research indicates that vapor barriers are not needed 
for cavity walls except in special cases. 
HEAT TRANSMISSION COEFFICIENTS (U)t 
SOLID MASONRY 
A 6 11 Face Brick* 
4" Face Brick 
4 11 Building Brick B 
8 11 Concrete Block 
Stucco c 
8 11 light Weight 
D Block 
Painted 
CAVITY WALLS 
4 11 Face Brick 
2V2 11 Air 
4 11 Face Brick 
4 11 Face Brick 
F 2V2" Air 
4" Building Brick 
4 11 Face Brick 
G 2V2" Air 
4" Concrete Block 
No Insulation 
Ya 11 Sand Plaster 
0.64 
0.45 
0.46 
0.34 
0.37** 
0.32 
0.33 
Cores or 
Cavity Filled 
Ya" Sand Plaster 
0.35 
0.18 
0.14** 
0.14 
0.12 
%"Furring 
Foil-back Lath 
V2 11 Sand Plaster 
0.19 
0.17 
0.17 
t Expressed in Btu per hour per square foot per deg1ee Fahrenheit temperature difference 
• "SCR brick" 
•• Plaster omitted 
••• Applied in cavity 
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3
,4" Furring 
1 11 Insulation 
¥a 11 Gypsum Lath 
V2 11 Sand Plaster 
0.18 
0.16 
0.16 
1 Ya" Furring 1 " Applied 
1 V2 11 Insulation Expanded 
o/a 11 Gypsum Lath Polystyrene in !.4" 
Y2 11 Sand Plaster Cement Mortar 
Ya" Sand Plaster 
0.13 0.19 
0.12 0.17 
0.12 0.16 
0.15 
0.16*** 
0.15*** 
0.15*** 
University of Illinois SHC-BRC 
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COUNCIL NOTES 
G3.1 HEATING THE HOME 
A central heating system may include: 
e a means of burning or converting the fuel or 
energy (gas, oil, coal, electricity) to "heat" 
e a furnace or boiler to transfer the heat to the 
medium (air, water, or steam) that will be used 
to distribute the heat to various parts of the 
house 
e heat distribution system (ducts or pipes) 
e Heat outlets (registers, diffusers, convectors, 
baseboards) 
e controls 
Non-central systems or room units are placed 
within the space to be heated. These include heat 
pumps, electric resistance heating in the form of 
baseboards, convectors, panels or embedded ca-
bles, or small units that include some of the 
features of a central system. A heating system may 
also include cooling features, humidifying equip-
ment, and special air cleaning equipment. Some 
features are not available on all central or non-
central systems. 
The operating efficiency of a heating system 
depends upon the correct design, installation, and 
operation of the equipment chosen. The real cost 
of a heating system is not only the cost of the 
original equipment but also the cost of the fuel to 
operate the system and the cost of maintenance 
and replacement of the equipment. A "cheap" 
heating system will usually cost more over the life 
of the house than one properly designed and 
installed. 
The construction of the house will also affect 
the operating efficiency of the heating system. 
Excessive heat loss through poorly fitted windows 
and inadequately insulated walls and ceilings will 
increase heating costs. Storm sash on windows, 
storm doors, and insulation in the walls, ceilings, 
and floor or foundation systems will pay for them-
selves in fuel savings and in added comfort in 
both winter and summer. (See SHC-BRC publi-
cations A1.61, Savings by Insulating Doors and 
Windows; A1.62, Savings by Insulating Ceilings, 
Walls, and Foundations; Fl1.2, Insulating Windows 
and Screens; F7.0, Chimneys and Fireplaces; and 
F6.2, Moisture Condensation. 
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Choice of Systems 
The decision as to the type of heating system to 
use will depend on such factors as: 
e initial cost and estimated life 
e maintenance costs 
e convenience 
e design of the house 
e personal preference 
e adaptability to summer cooling 
A number of systems are discussed and illustrated 
in this publication. In general, any of the systems 
shown will produce about equal comfort if they 
are properly designed and installed. 
Fuels 
The systems described in this circular can use any 
fu.el (natural gas, LP-gas, oil, electrical energy) 
~1th th~ few exceptions noted in the accompanying 
discussiOns. The fuel used will depend primarily 
on its availability and the relative cost when 
compared to other available fuels . To some degree, 
the convenience offered by the fuel may affect 
choice, although most modem fuels offer about 
equal operating convenience. The equipment se-
lected should be designed for the intended fuel to 
give the highest operating efficiency. 
Controls 
The heating systems described in this publication 
are operated by automatic " controls". These de-
vices include thermostats, fuel valves, safety con-
trols, and switches to operate fans and pumps. 
They are designed to run the system automatically 
so that it functions only when heating is needed. 
This helps to keep the house at the temperature 
desired, which adds to the comfort of the occu-
pants and reduces the cost of operating the system. 
mercu ry switch 
thermometer 
sensing 
e lement 
adjustable heater 
A !hermostat is essentially a temperature-sensitive 
switch that turns the heating system on and off. 
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The heart of the control system is the ther-
mostat, essentially a temperature-sensitive switch 
that turns the heating (or cooling) system on and 
off. Some thermostats are designed so that various 
stages or parts of the heating system can be turned 
on or off so that the heat input is "modulated" to 
match the heat loss of the house. Many thermostats 
contain small heating elements called anticipators. 
The anticipator raises the temperature within the 
thermostat case, giving it a false reading and 
causing it to tum the system off before the room 
reaches the desired temperature. The residual heat 
in the system will then bring the temperature up 
to the desired point. If there is not sufficient 
residual heat, the thermostat will tum the system 
on again. In this way the desired temperature is 
reached in small steps so that the house is not 
overheated, with a resultant waste of fuel and 
occupant discomfort. 
In many instances, one thermostat is used to 
control the temperature in several rooms or the 
whole house. Actually, it can sense the temperature 
only in the room where it is located. Therefore, it 
is important that the thermostat be located where 
the temperature is representative of the whole 
house or where temperature control is most im-
portant. Locate the thermostat at a height of 3 to 
4 feet above the floor. Avoid locations on outside 
walls, near outside doors, or in bedrooms where 
windows may be left open. It should not be near 
heat outlets, behind a door, on walls which receive 
heat from the sun or fireplace, or on walls that 
house ducts, heating pipes or chimneys. Probable 
furniture arrangement must also be taken into 
account. Lamps, TV sets, or any other heat-pro-
ducing appliances located near a thermostat will 
give it false information and result in poor control. 
The thermostat should be located 3 to 4 feet above 
the floor in a central location. 
Heating the Home 
Zone control is used to maintain even temperatures 
in different levels of the house or in sections that 
have different sun and wind exposures. 
In some cases, it may be desirable to divide 
the house into two or more zones for heating (or 
cooling) control. With non-central systems (such 
as electric resistance baseboard or ceiling cable}, 
this is relatively easy to do. With ducted or piped 
systems, the distribution lines must be specifically 
designed for this purpose. Zoning is used to help 
maintain the same temperature in various parts or 
levels of the house. Zoning should be considered 
for multi-level or large houses, or when there are 
unusual sun or wind exposures. 
In a hot water system, a thermostat located in 
each zone controls a solenoid valve or circulating 
pump in the line serving that area. The pump and 
burner are turned on when any zone calls for 
heat. Although warm air systems can be zoned 
with motorized dampers in the ducts supplying 
the separate areas of the house, the use of multiple 
furnaces for multi-level or large houses is the best 
way to obtain zone control. 
The thermostat should be set at the point at 
which the occupants are most comfortable and left 
at that setting except for special circumstances. At 
very cold outside temperatures, when heating is 
DO NOT SET THERMOSTAT AT 90° 
SET IT AT 
TEMPERATURE 
DESIRED 
Setting the thermostat higher than the desired room 
temperature will not make the room heat any faster 
than it would if set correctly. 
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almost continuous, thermostats equipped with an-
ticipators may have a tendency to "droop" and 
maintain a temperature a few degrees below the 
setting. If it does, the thermostat setting will have 
to be adjusted. A higher setting will not make the 
temperature rise any faster, and a low setting will 
not cause the house to cool any faster. The speed 
with which the temperature in a house will re-
spond to a change in the thermostat setting will 
depend on the sizing of the heating or cooling 
system and the construction of the house. 
The thermostat setting may be lowered 5 to 
10 degrees, either manually or automatically, dur-
ing sleeping hours, saving up to 10% on the 
heating bill in poorly insulated houses. The savings 
will be less in well-insulated houses. 
Installation 
The heating contractor should supply layouts, ser-
vice agreements, guarantees, and operating in-
structions for all pieces of equipment. The heating 
contractor should also indicate in his estimate how 
much work, such as plumbing and electrical con-
nections, is included. He should state in writing 
that the system that he will install will maintain 
a specified interior temperature at specified outdoor 
temperature and wind conditions. 
Warm-air systems should be designed and in-
stalled as recommended in the manuals originally 
issued by the National Warm Air Heating and Air 
Conditioning Association. Currently, copies of these 
manuals are available from the Air Conditioning 
Contractors of America, 1513 16th Street NW, 
Washington, D.C. 20036. 
Hot water systems should be designed and 
installed as recommended by the Hydronics In-
stitute. Design manuals are available from the 
Hydronics Institute, 35 Russo Place, Berkeley 
Heights, New Jersey 07922. 
Manuals for the design and installation of 
electric systems are usually available from local 
utility companies and from the Edison Electric 
Institute, 1111 19th Street, NW, Washington, D.C. 
20036. 
WARM AIR SYSTEMS 
Warm air systems require an outlet to deliver the 
heated (or cooled) air to the room or space. The 
outlets may be floor or wall registers or ceiling 
diffusers. Return-air intakes are necessary to return 
the air to the furnace to be reheated, filtered, 
humidified, and redistributed to the supply outlets. 
Return air grilles are available with built-in filter 
racks for use where access to the conventional 
filters is difficult. 
In general, supply outlets should be located at 
the ouhide walls, preferably under windows or 
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CEILING DIFFUSER 
WALL REGISTER 
BASEBOARD DIFFUSER 
FLOOR DIFFUSER 
RETURN GRILLE 
Different types of diffusers and grilles used in warm 
air heating systems. 
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large glass areas, and return-air grilles should be 
located either high or low on the wall. Ceiling 
diffusers can be used on the second floor of two-
story homes, and on the upper floors of multi-
storied buildings as long as there are heated spaces 
below the floor and there are no large glass areas 
that can cause drafts across the floor. 
Warm-air systems: 
e respond rapidly to changes in outdoor tem-
perature. 
e are economical to install. 
e can provide controlled outdoor ventilation 
through the duct system. 
e can be provided with humidification equip-
ment. 
e can include electronic or high-efficiency me-
chanical air cleaning devices. 
e can be adapted to summer air conditioning 
with the addition of cooling equipment. (Floor 
registers that can be adjusted to blow the 
cooled air high into the room toward the ceiling 
should be used for supply outlets in cold 
climates. In mild climates, ceiling diffusers 
should be used. The plenum and ducts should 
be well-insulated.) 
Maintenance: Motor and blower must be lubri-
cated and filters cleaned or replaced. If a burner 
is used, it must be cleaned and adjusted periodi-
cally. Supply outlets and return grilles should be 
cleaned yearly. 
Design and Installation: Use Manual D, Equip-
ment Selection and System Design Procedures, and 
Manual 6, Adjusting Air Conditioning Systems for 
Maximum Comfort, available from the Air Condi-
tioning Contractors of America (See Page 4). 
A perimeter radial duct system uses individual ducts 
connected to each outlet. 
Heating the Home 
DOWNFLOW HEATING SYSTEMS 
Heating systems using a down-flow furnaGe are 
intended for basementless houses. In a house built 
on a concrete slab, the warm air from the furnace 
is circulated through a duct system which is 
embedded in the concrete. Ducts in or under the 
slab may be of sheet metal, vitrified tile, concrete 
pipe, or other precast forms. The warm air in the 
ducts is discharged into each room through floor 
or baseboard diffusers located along the outside 
walls, usually below windows. Air is taken back 
to the furnace through grilles located either on an 
inside wall or in a hallway ceiling close to the 
furnace. Provision must be made to permit the 
passage of air from all rooms to the return -air 
intakes. 
Several arrangements of perimeter ducts and 
feeder ducts are possible. A perimeter loop heating 
system uses a duct that encircles the slab at its 
outer edge and is connected to the furnace by 
feeder ducts. A perimeter radial system has a duct 
from the underfloor plenum to each outlet. It is 
more economical to install than a perimeter loop 
system. However, temperatures will not be as 
uniform as with the loop system. 
When a downflow furnace is used in a crawl-
space house, an extended plenum, similar to the 
one shown for basement houses, is usually in-
stalled in the crawl space. Ducts extend from the 
plenum to individual outlets. 
A downflow heating system is designed to 
eliminate cold floors and provide all the advantages 
of a forced warm air heating system in base-
mentless houses. It needs very little floor area, 
since downflow-type furnaces have been designed 
to be placed in closets with minimal clearances. 
When located in confined areas, provision must 
be made for supplying combustion air to the 
furnace burner if gas, oil, or propane is used. 
A perimeter loop duct system uses outlets connected 
to a perimeter duct, which is fed from the furnace 
at several points. 
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An extended plenum system has a large "trunk duct" 
with smaller ducts to each outlet. In a crawl-space 
house, a downflow furnace is connected to the plenum 
from the top. 
Two-story houses are often heated with an extended 
plenum system on the first floor, with one duct 
leading to a second plenum and "spider'' ducts in 
the attic, supplying ceiling diffusers in each second-
floor room. The ducts in the attic should be covered 
with at least two inches of insulation. 
~ lh.,rmoSidl 
I 
A combination of an electric furnace controlled by a 
thermostat in the return duct and individual duct 
heaters controlled by room thermostats can provide 
room-by-room temperature control. 
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A horizontal furnace can be installed in the crawl 
space (as shown) or in the attic, if there is no other 
space available. 
UPFLOW HEATING SYSTEMS 
Upflow heating systems are used in basement 
houses and in slab or crawl-space houses in mild 
climates. The furnace takes in air near the bottom 
and discharges heated air into an extended. plenum 
at the top. Ducts are run from the plenum to 
individual outlets. The extended plenum is located 
in the basement, or in the attic of houses in mild 
climates. The latter systems are designed primarily 
for air conditioning rather than heating. 
Air circulation in the extended-plenum system 
is maintained by a blower (fan) in the furnace. 
Air is warmed by the furnace and then distributed 
from the plenum to the various rooms through 
supply ducts and supply outlets. The blower also 
draws the room air back to the furnace through 
the return -air grilles and ducts to be filtered, 
reheated, and redistributed. 
Adjustable registers and diffusers located on 
the outside wall at floor level, preferably below 
windows, are recommended for heating. In these 
locations, they will curtain the cold outside wall 
with warm air and will not discharge directly on 
the occupants. Ceiling diffusers may be used in 
rooms that do not have large glass areas and are 
located over heated spaces, such as second floor 
bedrooms, or in mild climates where little heating 
is needed. 
For small houses, where doors to rooms are 
left open, a central return-air intake may be ade-
quate. In larger structures and in homes where 
room doors will be kept closed, multiple return-
air intakes are usually located on inside walls, or 
in the ceilings of hallways. 
An upflow extended-plenum system is adapt-
able to large structures, and to the heating of 
basement rooms. 
HORIZONTAL SYSTEMS 
Horizontal warm air furnaces take in return air at 
one end and discharge heated air at the other. 
They are used in crawl-space or attic locations 
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Circulation pump 
This diagram illustrates gen-
eral principles of heat circ-
ulation and is not intended to 
be used as a detailed instal -
lation guide. Radiators or 
convectors may be used in-
stead of baseboard units. 
In a forced hot water system, the water is heated in the boiler and is pumped through pipes to radiators, 
fan-coils, or convectors. Room air circulates over these devices, heating the room. 
where there is not enough height available for 
upflow or downflow units. The operation and 
advantages are similar. The furnace almost be-
comes a part of the extended plenum. The dis-
advantages include difficulty of access for main-
tenance, and that furnace systems with the highest 
efficiency are often not available in horizontal 
models. 
HOT WATER SYSTEMS 
Hot water or hydronic heating systems use a boiler, 
fueled by gas, oil, propane, or electricity, to heat 
water. The hot water is circulated through the 
house to various devices by a circulating pump. 
Cabinet-mounted or baseboard convectors andjor 
fan-coil units are used to transfer heat from the 
water to the air of the rooms. 
Forced Hot Water Heating System 
Two basic types of piping layout are common. 
The one-pipe system has a single pipe or main 
which supplies the heated water to the baseboard 
units (or convectors or radiators) and also returns 
the cooled water from the units to the boiler. 
The two-pipe system has two mains. The heated 
water is supplied to room heating units through 
a supply main, and the cooled water is returned 
to the boiler through a separate return main. 
A forced hot-water system: 
e responds rapidly to changes in outside tern-
Heating the Home 
perature. Water temperature can be varied in 
accordance with changing weather so that 
uniform room air temperatures are maintained. 
e is easily adaptable to multi-zone heating 
through the use of multiple circulating pumps 
or motorized zone control valves. 
e can be used in crawl-space or slab houses and 
for the heating of basement rooms. Circulation 
of water by means of the pump makes it 
possible to locate baseboard units or convectors 
either above or below the level of the boiler. 
e makes possible a large amount of usable base-
ment space, since small (1/2"-1") pipes can 
be used for the mains and risers. 
e can be used to heat domestic water throughout 
the year with special equipment. 
e is not readily adaptable to summer cooling. 
Heat Outlets: Convectors, baseboard units, or 
fan-coil units may be used. 
Maintenance: Water pressure in systeT. ~ust be 
checked, the circulating pump and motor oiled, 
and room heating units vented unless automatic 
vents are used. 
Design and Installation: Use Hydronics Institute 
Installation Guide 200, Residential Hydronic Heat-
ing Systems, published by the Hydronics Institute. 
(See Page 4 for address.) 
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FAN-COIL UNIT CONVECTOR 
REAR VIEW OF FIN 
BASEBOARD UNIT 
In hot water systems, room air is heated by cabinet convectors, baseboard convectors, or fan-coil units. 
Baseboard units are the most common in homes, often replacing old-fashioned radiators. 
Cabinet-mounted Convectors Fan-Coil Systems 
Convectors consist of a core (either a small tube 
or a hollow cast-iron section) which has a number 
of thin "fins" or metal plates attached to it. Hot 
water heats the core and fins which, in turn, warm 
the air passing over them. The core and fins are 
enclosed in a cabinet, causing a more effective air 
flow over the heated surfaces than if they were 
exposed. 
Cabinet convectors may be installed against an 
outside wall, or they may be recessed into the 
wall with only the air openings exposed. The 
preferred location for a convector is under or near 
a window. 
Baseboard Units 
Baseboard heating units are sometimes used with 
hot-water systems. These units replace conven-
tional baseboards and are installed along the out-
side walls of each room in place of the usual wood 
baseboard. Hot water circulating through the sec-
tions transmits heat to the room by a combination 
of radiation and convection. 
Baseboard units are made of hollow sections 
of cast iron or steel, or a finned tube placed behind 
a sheet-metal enclosure. 
Baseboard units achieve even temperatures 
throughout the room because the units distribute 
the heat near the floor, which normally is the 
coolest part of the room. The concentration of 
heat near the floor makes the units especially 
desirable for basementless houses. Baseboard units 
are adaptable to new construction or moderniza-
tion work. 
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The fan-coil unit is used primarily when both 
heating and cooling are to be provided. Water is 
heated (or chilled) at a central point and then 
pumped through the pipes to terminal units located 
throughout the house. They may range in size 
from a small unit that fits in the toe space of a 
kitchen cabinet to units equipped with short duct 
runs that serve several rooms. The fan-coil unit 
consists of a finned-tube coil and· a fan section. 
The fan section circulates air from the room or 
from outdoors over the coil section, thus heating 
or cooling the air. The recirculated air is usually 
filtered as it is drawn into the enclosure. 
The piping system may be a one-pipe system 
if only heating is to be supplied, or a two-pipe 
system for heating and cooling. Three- and four-
pipe systems can also be used to be able to heat 
and cool in different rooms at the same time. The 
temperature in the room may be controlled by 
valves on the unit or by a thermostat located in 
the room. 
Fan-coil units are not usually used in single-
family houses. They are readily adaptable to apart-
ment houses. Since the fan is located in the room, 
they may be somewhat noisier than other central 
systems. 
Maintenance: In addition to the items previously 
mentioned for hot-water heating systems, the fil-
ters at the units must be cleaned or replaced 
periodically and the fan motors must be lubricated. 
Design and Installation: Fan-coil heating cool-
ing systems should be designed and installed by 
professionals. 
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Domestic Hot Water 
With many boiler installations, it is possible to 
heat water for domestic use. In some cases, a coil 
of pipe is inserted into the boiler, and the water 
is heated as it passes through the coil to the faucet. 
In others, a separate hot water storage tank con-
taining a heat exchanger is used. The heat ex-
changer operates as one "zone" from the boiler, 
controlled by the thermostat in the hot water tank. 
However, it is often more economical to use a 
separate water heater and operate the boiler at a 
lower temperature during mild weather. 
ELECTRIC HEATING SYSTEMS 
Electricity may be thought of as a "fuel" much 
the same as coal, oil, or gas. Furnaces and boilers 
that use electricity as a "fuel" operate in the same 
fashion as other equipment using . combustible 
fuels, with electrical resistance elements replacing 
the combustion chamber. Heat is distributed as 
shown elsewhere in this circular. 
Resistance Heating 
Electric baseboards are similar to the hot water 
baseboards previously described, except that in-
stead of hot water passing through the baseboard, 
they contain an electric heating element very sim-
ilar to the element used on an electric range. Fins 
are usually attached to the element to increase 
heat transfer. The units installed in each room or 
area are controlled by a separate thermostat 
mounted on the wall or installed as part of the 
baseboard unit. 
An electric resistance baseboard heater functions 
basically the same as a hot water baseboard, except 
the heating element is much like an element in an 
electric range burner that has been straightened and 
had fins attached. Care must be taken to be sure that 
air flow over the baseboard is not obstructed by 
drapes or other decorating items. 
Heating the Home 
An electric heating panel can be built into the ceiling, 
to provide a source of radiant heat that is almost 
unnoticeable. 
Other resistance-type heaters are available in 
the form of panels of glass or metal that are 
mounted on the wall or ceiling; resistance cables 
imbedded in the ceiling; units that have a small 
fan which circulates the heated air; and liquid-
filled baseboards in which the fluid is heated in 
the baseboard by resistance elements similar to 
those used in a water heater. Also available are 
resistance units that may be inserted in the branch 
supply ducts of a central air duct system. 
Electric Heat Pump 
The electric heat pump is essentially a reversible 
refrigeration unit. In the summer it operates as a 
typical air cooling unit. Heat is extracted from the 
air inside the house and discharged outside the 
house. In the winter, the process is reversed. Heat 
is extracted from the outside air, ground, or well 
water, and is then distributed in the house, usually 
by means of a typical duct system as described 
under· warm air heating systems. Council Notes 
G3.4, Heat Pumps, contains a detailed description 
of their operation and the various types of instal-
lations available. 
Advantages and Disadvantages 
Heating with resistance heaters has the advantages 
of lower installation costs, no combustion of fuel 
in the house and therefore less noise and less 
maintenance, no space required for fuel storage, 
and no space required for ductwork, piping, boiler 
or furnace, or flue. Resistance heaters also offer 
the advantage of complete room-by-room control 
of temperature. Heat pumps have the advantage 
of all-year climate control in one unit. 
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An electric heat pump provides both heating and cooling through the process of moving, not creating, heat. 
In the winter, heat is extracted from the outside (either air or ground water sources) and moved indoors. 
In the summer, the process is reversed and heat is taken from inside the house and transferred outdoors. 
Heating with electricity has its disadvantages 
too. Operating costs will generally be higher than 
other fuels except where electric energy is available 
at favorable rates. More insulation will usually be 
required to keep operating costs from becoming 
excessive. When power failures occur, heating is 
not possible. (This is true, however, of most au-
tomatic systems.) With resistance-type heaters not 
employing moving air, control of humidity is dif-
ficult. In houses of tight construction, humidistat-
operated ventilating fans may be required. 
Design and installation of electric heating sys-
tems should be done by competent, experienced 
personnel. Many utility companies will, upon re-
quest, give advice to those people interested in 
heating with electricity. 
Electric Ceiling Cable System 
Electric ceiling-cable systems can provide satisfac-
tory heating. Electric resistance cables are attached 
to the ceiling lath and embedded in thin-coat 
plaster, or the cables may be "sandwiched" be-
tween two layers of drywall. The panel attains a 
temperature of about 100 to 120°F. 
Heating of the room takes place by the radiant 
effect of the warm panel and by convection of air 
moving over the panel and over the floor which 
is warmed by the radiant panel. 
The cable lengths are made up of wire specif-
ically designed for use in panel heating. Heating 
requirements are met by varying the length and 
spacing of the cable. The cable assemblies are 
equipped with non-heating leads, which permit 
connections to be made at the thermostat without 
having heated wires in the wall. 
W~en ceiling cable installations are used, the 
space above the panel is heavily insulated. This 
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prevents excessive heating of the room above, 
which would make temperature control very dif-
ficult. Also, when this system is used in apartments, 
the use of insulation prevents, the heating of upper 
apartments from the lower floors. 
Lightweight, acoustic, or insulating plasters 
cannot be used over the cables, and caution must 
be used during construction to protect the cables 
from damage. 
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Ceiling cable systems are another way to install 
electric resistance heating. Ceiling-mounted systems 
permit full use of floor and wall space. 
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Ceiling-cable systems: 
e are usually less expensive to install than other 
electric-resistance heating systems. 
e do not use any floor space. 
e are used with thermostatic controls to give 
room-by-room temperature control. 
e do not interfere with furniture location. 
e need supplementary heating equipment when 
there are large glass areas in the room that 
can cause drafts across the floor. 
e limit possible modifications to ceiling and light 
fixture placement during remodeling. 
Maintenance: Thermostats should be inspected 
and cleaned periodically. 
Design and Installation: Many utility companies 
will give advice to homeowners interested in heat-
ing with electricity. 
Self-Contained Systems 
In addition to the electric self-contained systems, 
it is possible to install units that use natural or 
LP-gas or oil for fuel. In appearance, these units 
look like convectors or fan-coil units. Each unit 
contains a small furnace that heats the air circu-
lated through the enclosure by a fan section. Air 
for combustion of the fuel is drawn in from 
outdoors. The combustion air is never in contact 
with and cannot mix with the air in the room. 
A self-contained system: 
e is easy to install in any room. It is particularly 
convenient to use in room additions when it 
is not possible to extend the main heating 
system. It is also convenient for use in rooms 
that need not be heated all of the time, such 
as enclosed porches. 
A gas-fired wall heater is a convenient way to heat 
a room addition when it cannot easily be connected 
to the central heating system. 
Heating the Home 
e can be used with conventional thermostatic 
controls, giving individual room contro!. 
e can be used in basement rooms for supple-
mentary heating. 
Maintenance: Similar to requirements for warm-
air furnace. 
Design and Installation: Heat loss should be 
estimated from the procedures developed by the 
National Warm Air Heating and Air Conditioning 
Association. Equipment should be installed by a 
competent heating contractor. 
Electric furnaces operate in the same way as a gas-
fired furnace, except the gas burner is replaced with 
electric resistance heating elements. 
Combustion 
air outlet 
In a direct-vent gas heater, the combustion air enters 
from the outside, provides oxygen for burning the 
gas, and the gases exit outside. The combustion 
products never come in contact with the room air. 
Page 11 
SYSTEMS FOUND IN OLDER HOMES 
Gravity Warm Air 
Air circulation is achieved by the fact that warm 
air is lighter than cool air. Therefore, warm air 
rises from the furnace and cool air flows downward 
into the returns. Gravity systems have no motors 
or electrical connections other than those required 
by burner controls, if any. The operation is very 
simple, but it is only adaptable to compact base-
ment houses. Drafts across floors are common. 
Gravity systems may be updated by the installation 
of blower units. 
Hot Water Panels 
A boiler is used to heat the water circulated 
through the floor, wall, or ceiling, which acts as a 
radiant panel. No other radiators or terminal vents 
are needed. The heat from the water is transferred 
from the pipes to the panel surface and then heats 
the room by radiation and convection. The surface 
temperature of floor panels cannot be maintained 
above 85°F without discomfort, which can be a 
limiting factor if the rooms have high heat losses. 
Wall or ceiling temperatures may be as high as 
115-120°F. Control of the panels is difficult in 
mild weather. 
Steam Systems 
Steam is generated in a boiler and rises by natural 
movement to the radiators through risers. The 
steam cools in the radiators, condenses into water, 
and returns to the boiler through the same pipes 
if a one-pipe system is used or through another 
pipe if a two-pipe system is used. Steam systems 
are simple and do not require motors or electrical 
connections except for controls and automatic 
burners. They can be used to heat domestic water. 
Temperature control is difficult in the one-pipe 
systems usually used in residential installations. 
Gravity Hot Water 
The water in a gravity hot water system circulates 
as a result of changing density. The warmer water 
rises and displaces cooler water in the system, 
forcing it to return to the boiler. Closed systems 
have expansion tanks located near the boiler and 
will operate at higher temperatures than open 
systems without having steam form. The higher 
temperatures permit the use of smaller radiators. 
Open systems have an expansion tank located 
above the highest radiator and the water is "open" 
or exposed to the air. A gravity system is simple 
and requires a minimum of fittings. It does not 
need motors, pumps, or electrical connections ex-
cept for automatic burners. 
SHC-BRC Technical Note 13, Modernization of 
Hydro'}iC Systems, describes how to convert a two-
pipe steam or gravity hot water system to a more 
modern and efficient forced hot water system. 
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As heating bills continue to climb, consumers are 
looking for less expensive ways to heat their 
homes. In some cases, the use of room heaters 
may reduce the total fuel bill without significantly 
reducing the comfort level in the house. 
In general, room heaters will not save money 
if they are used to heat the whole house. The 
central heating system can proVide the same amount 
of heat for the same or less cost. However, the 
total heat needed may be reduced by keeping a 
major part of the house at a lower temperature 
and using room heaters to warm only the areas 
in use at any one time. If at least two-thirds of 
the house can be kept at 50-55°F. and the rest 
heated to comfort level with room heaters, some 
savings may be possible. 
Comfort 
Comfort is not the same to all people. Thermal 
comfort is when the amount of heat produced by 
the body is the same as the heat easily lost to its 
surroundings. This heat is lost in four ways. 
A major heat loss from the body is by radiation. 
Any surface will radiate heat to any colder surface 
nearby. This applies to our bodies also-our skin 
surface will radiate heat to a cold wall or window, 
or even to the sky. 
Heat is also lost by convection-that is, air 
moving across the skin surface. This is the source 
of the "wind chill" factor that makes cold weather 
On the left, radiant heat moves from the sun and 
radiator to the man. On the right, a cool breeze causes 
heat loss by convection. 
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When two-thirds of the house is kept at 55°F., the 
remaining third can be heated with portable room 
heaters, with some savings possible. 
seem even colder than it really is. 
Our bodies are also cooled by evaporation from 
the skin surfaces and from the lungs. It takes heat 
to evaporate moisture, and that heat remains in 
the water vapor as it leaves our body. 
The fourth method of bodily heat loss is by 
conduction, commonly through direct contact with 
cool floors and furniture. Fortunately, most surfaces 
that our bodies touch, such as carpeting, are rel-
atively poor conductors of heat. However, a foot-
ball fan on an aluminum stadium seat in cold 
weather will certainly feel the effects of heat loss 
by conduction. 
Considering these ways to lose heat, it is easy 
to see that individual comfort is affected by the 
ease with which we are able to maintain a satis-
factory body temperature. The temperature of 
surrounding walls and windows can cause heat 
loss by radiation. Air temperature will control heat 
loss by convection. Warm air moving past will 
warm us, and cool air will cause a chilly feeling. 
The top spectator, sitting on aluminum stadium 
bleachers, knows his body is losing heat to the seating 
surface. The fans sitting below on cushions stay 
warmer. This form of heat loss is known as 11Con-
duction:' 
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The amount of heat produced by our bodies, 
called metabolism, varies considerably. When we 
are active or working, the body produces much 
more heat than when we are at rest. Age and state 
of health also change our heat production. Re-
searchers know much about the "average" indi-
vidual, usually a college or medical student, but 
very little about infants, the elderly, and the ill. 
Conditions comfortable to active young persons 
are almost certain to be too cool for their grand-
parents. 
This understanding of conditions which pro-
duce comfort is important in understanding the 
advantages, disadvantages, and use of room heat-
ers to produce comfortable conditions. 
Radiant Heating 
While nearly all room heaters use a combination 
of radiant and convection heating, some are de-
signed to produce primarily radiant heat. A large 
surface, such as a radiant panel, may be heated 
to a moderate temperature (about ll0°F.}. In this 
case, the radiation component is relatively small 
and less likely to be felt on the face and head of 
the occupant. If a small surface, such as a heating 
element, can be raised to a very high temperature 
(1100°F.}, the radiation component is higher and 
the occupant will feel concentrated heat focused 
on his body. 
A radiant heater will transfer heat to our bodies 
with or without air circulation, just as the heat of 
the sun reaches the earth through the vacuum of 
outer space. However, it will heat only surfaces 
which "face" it. This is the effect of facing a 
roaring fire in a cold room-one side fries while 
the other freezes. Any surface on the body or in 
the room that is heated by a radiant heater will 
become warm and heat the air near it, causing 
some convection, but this is not the primary means 
of heating. 
Radiant heat can be useful because it can be 
directed toward a small area. If the work area in 
a large room is small, a radiant "spot" heater, 
backed by a reflector, can heat the person working 
there ·without raising the air temperature, thereby 
conserving energy. The wing chair was developed 
as a means of being comfortable in a cold, drafty 
house. It provided insulation and draft protection 
on three sides of a person seated facing the fire 
or heat source. 
Convection Heating 
Convection heaters primarily heat the air in the 
room. A typical convection heater is the electric 
baseboard heater, which warms the air passing 
over a finned heating element. A heater with an 
air-circulating fan is also a type of convection 
G3.3 Room Heaters 
~-/ 
-__ ~ . . ~ 
: . . ·.·. ,·: 
·.!'""··_··. 
Protected from drafts by his wing back chair, this 
gentleman enjoys the radiant heat coming from the 
open fire. 
heater. When the air temperature in the room 
increases, surfaces within the room are eventually 
warmed. This reduces the amount of heat lost 
from the body by convection. Heat supplied to 
the body by warm air can offset most of the heat 
lost by radiation to cold surfaces. However, because 
the convection heater warms the air, as well as 
the body and other objects in the room, more total 
heat will be used. 
Use of Room Heaters 
In the development of a comfortable home envi-
ronment, the American people have demanded 
that comfort conditions be maintained in every 
room. This has led to centrally controlled heating 
systems. The central heating system is the main 
user of fuel in the house. For most of the country, 
the total heat used will decrease by 2-3% for each 
degree the thermostat setting is lowered. The major 
savings comes from lowering the thermostat setting 
for the whole house and then using room heaters 
to warm the occupied rooms. A room heater in a 
Wall-mounted, electric panel heaters can provide spot 
heat in cold bathrooms. 
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kitchen or family room, and the bathroom, can 
make those rooms quite comfortable, while the 
remainder of the house is at 50-55°F. In a sense, 
energy savings are obtained by reducing the com-
fort standards to those of an earlier era. However, 
the discomforts of an earlier era will be less 
noticeable because of the improved thermal con-
struction of today' s housing. 
A house temperature lower than 50-55°F. may 
cause problems with frozen pipes and damage 
wall finishes or foundations unless special precau-
tions are taken. Accurately maintaining a back-
ground temperature of 50-55°F. may be difficult. 
If the thermostat is located in the same room as 
the room heater, the thermostat will "think" the 
rest of the house is warm. The thermostat will not 
tum on the furnace or boiler until the temperature 
in that room drops. Unless the thermostat is located 
in the 50-55° zone, the heat in this portion of the 
house may drop below an acceptable level. 
If the house thermostat is set down 15° for the 
entire winter, the central heating system might use 
30-45% less fuel for the year. Since additional, 
often more expensive, fuel is used in the room 
heaters, overall savings on the order of 20-30% is 
about the most that can be expected. When using 
unvented fuel-burning heaters, ventilation is nec-
essary, and the total heating bill may stay about 
the same, or even increase. 
ELECTRIC HEATERS 
Convection Heaters 
Convection heaters may be of the baseboard type, 
which have no moving parts, or may have a 
circulating fan which blows across a heating ele-
ment-either a wire or a finned rod. Some heat 
will be given off as radiant heat if the heating 
element is visible, but most of the newer circulating 
heaters disguise their function and look more like 
stereo speakers. 
Convection heaters are often controlled by ther-
mostats or timers. (It is nice to wake up to a warm 
bathroom). Heaters vary in output, with 1500 watts 
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An electric convection heater raises the air temper-
ature in the room; it uses a small fan to blow air 
past the heating element. Control knobs are conve-
niently located near the top. 
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Long, low baseboard heaters can be used in front of 
sliding glass doors or to heat seated persons. 
being the largest which can be plugged into an 
ordinary outlet on a 20-ampere circuit. Baseboard-
type heaters are best when used to warm people 
at floor level or to reduce drafts from large glass 
areas. Desirable features include an automatic 
switch to tum them off if they tip over and 
convenient handles and controls. 
Radiant Heaters 
Radiant panel heaters operate at a relatively mod-
erate temperature (200°F. to 400°F.) and may be 
wall-hung or floor-mounted. They provide steady, 
even heat to objects or people in front of them. 
Because of their lower operating temperature, they 
are safer, but are slow to provide heat after they 
are turned on. 
Radiant reflector heaters operate at a much 
higher temperature, usually about 1000°F. A re-
flector behind the heating element bounces the 
heat into the room, where it can be "aimed" at a 
person or area. They are effective at warming a 
person within a small area, but do not warm the 
air significantly. The metal guard over the heating 
element can present a bum hazard. 
Quartz heaters are radiant units with the heat-
ing element enclosed in a glass-like quartz tube. 
They look like a fluorescent light mounted on a 
metal base. Quartz, however, transmits infrared 
radiation better than glass. The quartz shell con-
tains one or two heating elements. A reflector 
directs the heat. A timer may be included, but 
these, like all radiant units, cannot be controlled 
An electric radiant heater uses a reflector backing 
the heating element to direct heat, but it does not 
use a fan. 
An upright quartz heater uses a wide base to prevent 
tip-over. 
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with a thermostat because they heat the objects 
or people in front of them and not the room air. 
Because of their height, vertical heaters are subject 
to tipping, but a wide, weighted base reduces the 
hazard. If the quartz tube should break, the heating 
element could shock the user. This is unlikely 
because of the strength of the quartz tube and the 
automatic tip-over switch, but it is possible. The 
metal guard, protecting the quartz tube, can be a 
burn hazard. 
Oil-filled radiant heaters, shaped like old steam 
radiators, are actually a combination of radiant 
and convection heaters. The oil-filled section ra-
diates heat from its surface, and the large surface 
area heats a significant amount of air, which 
circulates by convection. These heaters maintain 
a relatively low surface temperature, which min-
imizes the burn hazard. Also, the heat capacity of 
the oil maintains a more constant room tempera-
ture as the unit cycles on and off. An onjoff switch 
or a thermostat with variable settings control the 
heat output. Disadvantages include high initial 
cost and relatively slow reaction time to a call for 
heat. Contrary to advertising claims, they are no 
more efficient than any other electric room heater. 
Safety 
Electric heaters now on the market are required 
to have safety switches which tum the heater off 
if it tips over. Some heaters have a heat-sensing 
mechanism which turns the heater off if it over-
heats. Oil-filled, radiator-style heaters may not 
have safety shutoff switches. 
To operate electric heaters safely, follow these 
precautions: 
e Avoid laying cloth on any heating device. Any 
electric heater gets hot enough to scorch light-
weight cloth. 
e Keep heaters away from curtains, furniture, or 
electric cords. 
e Take care that the wiring in the house is ade-
quately sized to operate electric heaters. Many 
electric heaters draw 1500 watts, which is the 
maximum for a standard 20-ampere circuit. 
Larger heaters will require special wiring. 
e Do not use an ordinary extension cord on an 
electric heater. Only specially made, heavy duty 
extension cords can supply the amount of power 
required by an electric heater without over-
heating the cord itself. 
e If you have any doubts about the wiring in 
your house, call an electrician to have it checked 
before using an electric heater. It may be nec-
essary to use smaller heaters in older houses to 
prevent fuses from blowing. Do not change 
fuses to a larger size. 
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Snaking across the room, the ordinary extension cord 
connecting the heater to the light socket can easily 
overheat. Plug the heater directly into an outlet. 
FUEL-BURNING HEATERS 
Room heaters burning kerosene, natural gas, or 
propane are often used. A few require permanent 
installation and may be vented through the wall. 
Most are portable and unvented. 
In some states and cities, unvented gas or 
kerosene heaters are in violation of state and local 
laws. Be sure to check with your local building 
code official before installing one. Check with your 
insurance company to verify that there will be no 
loss of coverage if you purchase and use a fuel-
burning heater. 
Kerosene-burning Heaters 
Most kerosene heaters are portable, although some 
of the newer models require permanent installation 
and venting through the wall. This section will be 
limited to portable heaters, since they are the most 
common. 
A convection heater draws in room air at the bottom. 
Heated air exits at the top. 
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While kerosene-burning heaters have been 
available for several generations, they were seldom 
used because of safety and odor problems. Begin-
ning in 1975, kerosene heaters of a new design 
began arriving from Japan. They were highly 
efficient-about 98-99%. They had convenient, 
electric ignition, and they incorporated a safety 
switch which shut the heater off immediately if 
the unit was tipped. New refining techniques also 
provided a purer grade of kerosene, reducing the 
odor problem. In Japanese houses, however, nat-
ural ventilation prevented the accumulation of 
indoor pollutants generated by the heaters. Even 
with improved design, modem kerosene heaters 
are only safe when they are used in well-ventilated 
spaces. 
Any fuel-burning heater needs oxygen from 
the air to bum the fuel. People also need oxygen 
to breathe. A fuel-burning heater can use enough 
oxygen to reduce the oxygen content in the room 
below that needed for breathing. 
Some gas and kerosene heaters feature an 
oxygen depletion sensor. The sensor will shut off 
the heater if the oxygen in the room drops below 
the level needed to sustain life. While it does 
prevent asphyxiation, the sensor does not warn of 
high levels of other pollutants in the air. 
Fuel stored in the tank at the base of a convection 
heatet wicks up into the combustion chamber. 
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Both radiant and convection heaters are avail-
able. Both usually have electric ignition from bat-
teries carried within the unit. Most bum the ker-
osene as it evaporates from a wick, but a few 
direct vaporizing models are available. The kero-
sene tank may be built-in or removable for filling. 
Radiant heaters are usually square or rectan-
gular. The heater's wick, burning with a blue flame, 
heats the metal mantle covering it to incandesc-
ence. A polished metal reflector backing the mantle 
directs the heat into the room. Because of the 
reflector, the back of the heater does not become 
as hot as the front and may be placed as close as 
18" to a wall or furniture. The heat is directional, 
similar to an electric radiant heater. Some models 
have an electric fan which can be used to circulate 
heat from the back of the reflector, so that they 
function as both a radiant and convective source. 
Convection heaters are usually round, and air 
taken in at the bottom of the heater rises past the 
hot mantle and is discharged into the room. Since 
all surfaces are hot, the convection heater should 
be kept at least three feet from the nearest flam-
mable surface or material. 
Gas-fired Heaters 
While not portable, unvented gas-fired heaters are 
sometimes used as room heaters. A gas line is 
connected to the heater. They may be either of 
the radiant or convection type, and are similar to 
the kerosene-burning units. 
Unvented propane or natural gas-burning heaters are 
connected to the fuel source by the coupling to the 
right of the heater. The grille on the front can become 
quite hot. Be sure to provide adequate ventilation 
when these heaters are used. 
VENTILATION 
When any fossil fuel is burned, it produces carbon 
dioxide, carbon monoxide, nitrogen dioxide, sulfur 
dioxide, water vapor, and traces of other com-
pounds, depending upon the contamination pres-
ent in the fuel. In vented systems, such as a 
furnace or boiler, the by-products of combustion 
escape up the chimney, along with a certain amount 
of heat. With an unvented heater, heat stays in 
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Providing adequate ventilation for any fuel burning 
heater is a vital safety precaution. Open a window 
1/2" in the room where the heater is being used. 
the room, but so do the combustion products. To 
be safe, these pollutants must be removed. 
While not immediately life-threatening, carbon 
dioxide, nitrogen dioxide, and sulfur dioxide can 
produce long-term harmful effects. They produce 
a risk of acute and long-term respiratory problems, 
and increased risk of cardiovascular disease and 
possibly cancer. Therefore, it is recommended that 
young children, the elderly, pregnant women, and 
those with anemia, vascular, and respiratory prob-
lems should avoid exposure to unvented fuel-
burning heaters of any kind. 
In certain kinds of housing, residents run a 
greater risk of asphyxiation. Very tight, but poorly 
insulated, buildings in cold climates have a high 
heat demand but low natural ventilation. Residents 
of poorly insulated apartments or trailers may have 
already caulked and weatherstripped. Unless ven-
tilation is provided, the build-up of pollutants and 
carbon monoxide can prove life-threatening. 
Moisture 
In addition to the effects on the health of the 
occupants, unvented fuel-burning heaters can 
damage the structure of the building. When one 
gallon of kerosene is burned, slightly more than 
one gallon of water in vapor form is released into 
the air. Water vapor can pass through the inside 
surfaces of walls and ceilings into the stud spaces 
and the attic. When the water vapor comes in 
contact with a cool surface, it condenses, wetting 
the insulation and the wood. Even in rooms where 
vapor barriers have been installed, the band joist 
area between the first and second floors is vul-
nerable. Damage to window frames and sills from 
moisture condensing on the glass can be extensive. 
G3.3 Room Heaters 
Icy, dripping windows point to excessive humidity. 
Water vapor generated by a fuel-burning kerosene 
heater may condense on cold windows and walls. 
(See SHC-BRC Council Note F6.2, Moisture Con-
densation.) Condensation in the attics of houses 
built with roof trusses can corrode steel truss plates. 
Excessive moisture is one of the most serious 
problems resulting from the use of unvented fuel-
burning heaters. 
Safety 
These safety precautions must be followed if the 
heater you are using burns kerosene. Heaters with 
built-in tanks must be allowed to cool and carried 
outdoors for refilling. Heaters with removable tanks 
can remain indoors while the tank is taken outside 
for refilling. Outdoor refilling is a must, since a 
small spill onto a warm heater might ignite the 
kerosene. Similarly, a spill indoors on a carpet 
might ignite when the heater is relit. Any drops 
of fuel spilled on the tank or heater must be wiped 
up before relighting. 
Kerosene storage is also a problem. It should 
never be stored in the house, basement, or attached 
garage. It must be stored in a tight metal can 
clearly labeled "kerosene", that has never been 
used to store any other fuel. Kerosene vapors are 
dangerous because they are heavier than air and 
will flow along the floor for a considerable distance, 
where they can be ignited by the heater or a pilot 
light on some other appliance. 
Only the purest grade of kerosene, 1-K, should 
be used in heaters. Fuel oil and diesel fuel contain 
impurities which will increase the odor problem, 
add air pollutants, and increase maintenance on 
the heater. 
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For portable kerosene heaters, the following 
safety precautions should be strictly observed: 
e Use a heater listed by Underwriters' Labora-
tories. 
e Read all of the instructions with the heater. 
e Always refuel the heater outdoors. 
e Let the heater cool before refilling. 
e Wipe up spills before relighting. 
e Keep heaters away from drapes, curtains, fur-
niture, clothing, children, newspapers, and pets. 
e Do not carry the heater when it is lit. 
e Keep a Class B fire extinguisher (for oil fires) 
near the heater. Have it close by when refueling 
the heater. 
e Do not use the heater where gases or vapors 
from aerosol cans are present. Many times the 
propellant is propane. The can may ignite and 
act as a flame-thrower. 
e Store fuel in a tight metal container marked 
"kerosene". Never put any other kind of fuel 
in the container. 
e Store kerosene in a detached structure, away 
from the house. 
e Watch for signs of excess moisture on windows 
and doors. Provide some amount of ventilation 
to overcome high relative humidity. 
Follow these precautions when using any fuel-
burning heater. 
e Never leave a child in charge of a fuel-burning 
heater. 
e Never go to sleep with the heater on. 
e Always provide sufficient ventilation. 
Turn off unvented, fuel-burning heaters before going 
to bed. Carbon monoxide build-up during the night 
could be fatal. 
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Cost 
Any· possible savings from using a portable room 
heater will occur because a smaller portion of the 
home is being heated to comfort level. By cutting 
back on the use of the central heating system, the 
consumer may be able to save some money. Home 
heating fuels vary in cost, however. With a less 
expensive fuel available for central heating, it may 
be possible to heat the whole house for the same 
amount of money that it would cost to heat one-
third of the house with a portable heater. Fuel 
prices vary regionally, making an accurate predic-
tion of savings difficult. 
Similarly, the kinds of houses people live in 
will affect how much money they are able to save 
by using portable room heaters. The amount of 
air leaking into the home through infiltration, the 
amount of insulation, and the outside temperature 
are key factors in deciding whether fuel-burning 
heaters will save money. In tightly built, well-
insulated houses, they may actually cost more to 
operate because a window must be opened to keep 
the pollutants and humidity at an acceptable level. 
An unvented fuel-burning heater might not be 
economical when: 
e Heating more than 1/3 of the house. 
e Outside temperatures are very cold. 
e The house is relatively air-tight but not well-
insulated. 
e A low-cost fuel for the central heating system 
is available. 
You could consider using room heaters when: 
e The climate is relatively mild. 
e The fuel for the central heating system is ex-
pensive. 
e Only a small proportion of the house will be 
heated. 
e A radiant heater can heat a small area in a 
larger room. 
Though not cost-effective in many cases, unvented 
fuel-burning heaters can serve as emergency heat-
ers during a winter power failure. At least four 
states, and many local communities, ban their use. 
Safety is the main concern. Though the heaters 
have conformed to safety standards set by Un-
derwriters' Laboratories, human error, careless-
ness, or laziness can still cause unfortunate acci-
dents. Be sure to READ THE LABEL 
COMPLETELY AND FOLLOW ALL DIREC-
TIONS. 
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G3.4 HEAT PUMPS 
A heat pump in the cooling mode. 
A heat pump in the heating mode. 
A heat pump is a device that is used to both heat 
and cool building spaces, replacing the conven-
tional furnace and air conditioner. It may also be 
used to heat domestic hot water. It uses electricity 
as its energy source, but uses that energy to move 
heat from one place to another rather than as a 
source of heat. The heat pump is a two-way 
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refrigeration machine which can extract heat from 
air, water, or the ground and move it to the air, 
water, or ground in another location. Because the 
electrical energy is used to move heat rather than 
generate it, the heat pump is more efficient in the 
heating mode than conventional electric heating 
systems, such as baseboards and ceiling panels. 
University of Ill inois SHC-BRC 
How a Heat Pump Works 
A heat pump works because refrigerants, such as 
FreonTM, boil (change from liquid to gas) at a very 
low temperature. Think of the process, shown at 
left, for both heating and cooling modes, starting 
with cold liquid refrigerant entering a heat transfer 
coil (1), where air or water that is warmer than 
the refrigerant flows over the coil. The heat in the 
air or water causes the refrigerant to vaporize 
before any liquid reaches the outlet of the coil. 
The refrigerant gas is then compressed at (2), which 
further raises its temperature. The high-pressure, 
high-temperature gas enters a second heat transfer 
coil at (3) where the hot refrigerant transfers heat 
to the water or air flowing past. As the water or 
air takes heat away from the hot refrigerant gas, 
the refrigerant cools and condenses to its liquid 
state. Then it passes through an expansion valve 
at (4) that reduces pressure on the liquid refriger-
ant, which brings it back to its starting condition 
as a cold liquid. In the process, the source heat 
absorbed at the evaporator is released to a sink at 
the condenser, along with the heat added by the 
compressor. 
Heat Pump Ratings 
Heat pumps are rated by a testing laboratory at 
prescribed conditions for both heating and cooling. 
The heating efficiency rating is called Coefficient 
Of Performance (COP), which is calculated by 
dividing the heating output in Btu per hour by 
the total electrical input converted to Btu per hour. 
A kilowatt-hour of electricity produces 3412 Btu. 
Therefore, if the heat pump has a power input of 
4200 watts (4.2 kilowatts), the heat equivalent is 
4.2 x 3412 = 14,330 Btu per hour. Then, if the 
heating output at given conditions is 45,000 Btu 
per hour, the COP is as follows: 
Heat Output 0 Power Input G COP 
45,000 Btujhr L:..J 14,330 Btujhr 3.1 
Electric resistance heating, such as ceiling cable or 
electric baseboard, has a COP of 1. A heat pump 
with a COP of 2 will provide twice as much heat 
as the resistance heater for the same amount of 
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G3.4 Heat Pumps 
electrical input. The higher the COP, the less 
energy the heat pump uses in the heating mode. 
The cooling rating is called the Energy Effi-
ciency Ratio (EER). The EER is calculated by di-
viding the cooling output in Btu/hr. by the power 
input in watts. For example: 
Cooling Outputr71 Power InputG EER 
36,000 Btujhr L:..J 4200 watts 8.5 
Some sources also rate heat pumps in the cooling 
mode by COP. To obtain the cooling COP, the EER 
is divided by 3.4. 
EER values for residential-size heat pumps 
range from about 6 to 11. The higher the EER, 
the less energy the heat pump uses in the cooling 
mode. EER and COP ratings for heat pumps from 
various manufacturers are published by the Air 
Conditioning & Refrigeration Institute (ARI). Man-
ufacturers' literature also gives the ratings for the 
model you are considering. To compare several 
brands, you should collect literature from dealers 
selling different heat pumps. 
The COP and/ or EER of an installed unit may 
not be the same as the laboratory rating. The 
efficiency of an installed unit changes with the 
weather. The change in efficiency is greatest with 
air-to-air heat pumps. The change is more gradual 
for water-to-air heat pumps because water or soil 
temperatures do not change as rapidly as outside 
air temperatures. Heat pump manufacturers usu-
ally give an estimated seasonal COP or EER for 
various parts of the country. 
Types of Heat Pumps 
Heat pumps are made in four basic types, which 
are named according to the source of heat and 
method of distribution in the heating mode. 
TYPES OF HEAT PUMPS 
Evaporator Condenser 
heat transfer heat transfer 
(source) (distribution) 
AIR to AIR 
AIR to WATER 
WATER to AIR 
WATER to WATER 
As far as the machine is concerned, it "sees" only 
air or water, but how the air or water is delivered 
to the heat pump can vary considerably. 
AIR-SOURCE HEAT PUMPS 
In air-to-air heat pumps, a fan or blower forces 
air across the evaporator and condenser coils to 
transfer heat to or from the refrigerant. Both 
through-the-wall and window units are available 
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A conventional air-to-air heat pump has the com-
pressor and one coil and blower in an outdoor cabinet 
and a second coil and blower in the house duct 
system, along with auxiliary resistance heating coils. 
in which all of the components are in a single 
cabinet similar to a window air conditioner. But 
the usual whole-house heating and cooling unit 
has two cabinets, one inside and one outside the 
house. The inside cabinet contains a blower and 
one heat transfer coil, and the cabinet outside the 
house contains the compressor, blower and a sec-
ond heat transfer coil. There are also air-to-air 
heat pumps that have only a coil and blower 
outdoors, with the compressor and controls in a 
separate cabinet indoors. Such an arrangement 
should increase the life of the compressor and 
controls. Usually, the inside cabinet will also con-
tain electric resistance heaters that supplement the 
heat pump when necessary. An existing gas or oil 
furnace can also be used as the back-up heat 
source. In that case, the air-source heat pump is 
called an add-on heat pump. 
A three-piece heat pump has the compressor and 
controls in a separate cabinet inside the house. 
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An add-on heat pump has a heat transfer coil inside 
a conventional oil- or gas-fired furnace to provide 
heat when the outdoor temperature is moderate and 
to provide summer air conditioning. 
The add-on heat pump has the advantage of 
being able to use the cheapest source of heat at 
any time. When the outdoor temperature is rela-
tively high, usually above freezing, the heat pump 
may deliver a Btu of heat at a lower cost than gas 
or oil because the COP of the heat pump is higher 
at that temperature. Because the COP of the heat 
pump drops as the outdoor temperature becomes 
colder, it may become cheaper to supply the heat 
with the gas- or oil-fired furnace, even though the 
heat pump is still producing enough heat to warm 
the house. The controls can be set to switch over 
to the fuel-fired unit at any preselected outdoor 
temperature. The most economical switching point 
will depend upon the prices of electricity and the 
furnace fuel. The furnace fuel will nearly always 
be cheaper than switching to an electric resistance 
backup heating system. 
The output of air-source heat pumps varies 
widely, depending on outside temperatures. The 
coefficients of performance vary from 1.5 to 2.5, 
and the energy efficiency ratios vary from 6 to 9. 
Air-source heat pumps perform best where there 
are not many hours when the outside temperature 
is below freezing. When the outside temperature 
is below freezing, the air-to-air heat pump is 
supplemented with electric resistance heat, which 
is a comparatively expensive operating condition. 
The advantages of air-source heat pumps are: 
e They can be completely installed and serviced 
by a heating and air conditioning contractor. 
No subcontractors are needed. (Water-source 
heat pumps may require subcontractors.) 
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e The same equipment provides both heating and 
cooling. 
e The operating cost is lower than electric resist-
ance heating. 
The disadvantages of air-source heat pumps are: 
e The operating cost is usually higher than a 
natural gas furnace with a central air condi-
tioning system. 
e The maintenance cost may be higher than a 
furnace with an air conditioning system. 
e The life of the heat pump may be shorter than 
that of a furnace with air conditioning because 
the compressor operates year around instead of 
only during the cooling season. 
e The heat pump may not be very effective in 
colder climates where there are many winter 
hours below freezing and few summer hours 
when air conditioning is required. 
e The compressor and fan noise from the outdoor 
unit may annoy neighbors. 
WATER-SOURCE HEAT PUMPS 
Water-source heat pumps can be classified as open 
and closed-loop systems. Open systems use well 
water in one pass through the heat pump. The 
water may be discharged, or it may be returned 
to the ground through a second well at least 100 
feet from the supply well. 
A water-source heat pump extracts heat from or gives 
up heat to water pumped through heat-transfer coils 
in the heat pump. 
G3.4 Heat Pumps 
An open water-source system takes water from a 
well or other water source and discharges it to a 
lake, stream, or into another well. 
The advantages of open systems are: 
e An adequate water well already may be avail-
able to supply household needs as well as heat 
pump needs, making a lower installation cost 
than closed-loop systems. 
e The heat pump "sees" the same water temper-
ature continuously, which provides a nearly 
constant COP and EER. 
e Open systems provide the highest seasonal COP 
of any heat pump system. 
The disadvantages of open systems are: 
e It is relatively expensive to pump water from 
a well continuously. 
e Many wells do not provide enough water to 
supply a heat pump. 
e Well water may cause scaling of the pipes 
because of minerals in the water. 
e Laws in some states prohibit return of the water 
to the ground through a second well. 
e Surface discharge of the water may not be 
feasible in many locations, and wastes water. 
Closed-loop systems recirculate the same liquid 
(water or antifreeze solution) and depend on a 
body of water (water-coupled system) or the ground 
(ground-coupled system) to heat or cool the liquid 
in the closed loop. Since most homes are not near 
a large body of water, the closed-loop/ground-
coupled system is the most common. 
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The advantages of closed-loop systems are: 
e The pumping costs are less than for open-loop 
systems. 
e There is no consumption of ground water. 
e No scaling occurs. 
e The closed -loop system has a much higher 
seasonal COP than air-to-air heat pumps. 
e The closed-loop system is adaptable to urban 
or rural installations because wells or water 
discharge are not involved. 
The disadvantages of closed-loop systems are: 
e The success of the system depends on the 
designer of the closed loop so the heat transfer 
to or from the ground is matched to the capacity 
of the heat pump. 
e The closed-loop system may be more expensive 
to install than an open system, especially if an 
adequate water well already exists. 
Variations of Closed-Loop/Ground-Coupled 
Systems 
The closed loop of pipe that is installed in the 
ground and connected to the heat pump at the 
house can be designed in a variety of vertical or 
horizontal installations, depending on the site where 
the building is located. 
Vertical loops consist of double pipes with a 
U-bend at the bottom~ installed in a number of 
holes bored vertically with well-drilling equip-
ment. In low-capacity systems, the vertical loops 
may be connected in series. Fluid flows from one 
bore to the next. 
A vertical closed-loop system with the coils con-
nected In series 
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A vertical closed-loop system with the coils con-
nected in parallel. 
In higher-capacity systems, the vertical loops 
are usually connected in parallel. Part of the fluid 
flows through each bore and returns to the heat 
pump. In the parallel system, the designer may 
recommend a reverse-return pipe to balance the 
flow. This becomes more important as the number 
of bore holes increases beyond 5 or 6. 
Horizontal loops are installed from four to six 
feet below the surface of the ground in any pattern 
that the site allows. It may be a single line out 
and back, or the field may be a series of trenches 
8 to 10 feet apart with pipe laid in a regular 
pattern. Because the ground temperature at a 4' 
to 6' depth is not as uniform from season to season 
as the temperature in vertical bore holes, the length 
of pipe in the loop may have to be longer to get 
the same heat transfer. 
A reverse-return parallel loop system. 
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A horizontal closed-loop system is run in trenches 
4 to 6 feet deep. 
Under some conditions, a designer may specify 
two or more pipes in the same trench. This will 
shorten the length of trench, but the total length 
of pipe must be increased because two pipes in 
the same trench cannot absorb twice as much heat 
as one pipe. 
One of the important considerations when 
choosing to install a closed-loop/ground-coupled 
heat pump system is the capability of the designer 
of the earth heat exchanger. There are many 
variables, and the designer must be qualified to 
select the best combination of variables and cal-
culate the pipe length required for the situation. 
Materials 
One of the factors that makes closed-loop/ground-
coupled heat pump systems feasible is the existence 
of good pipe and connections to ensure long-
lasting underground installations. 
A closed-loop system can be used in a lake of 
adequate depth - usually 12 feet or more. 
G3.4 Heat Pumps 
There are two kinds of pipe recommended for 
closed-loop systems. One is high-density .polyeth-
ylene with heat-fused butt joints. The other pipe 
is polybutylene with heat-fused socket joints. 
Polyvinylchloride (PVC) piping with solvent-
bonded fittings has been used with limited success. 
It is no longer recommended for closed-loop sys-
tems because the wide variations in · temperatures 
in the pipe ·tend to cause leaks. Copper piping is 
an excellent material but is too expensive to com-
pete with plastic piping. 
There are ·different grades and diameters of 
both polyethylene and polybutylene pipe. The 
system designer should specify the correct pipe to 
meet design conditions. The installer must supply 
pipe that meets the specifications. 
Heat Pump Sizing 
Every house heating/ cooling system should be 
sized according to the calculated heat loss or heat 
gain. These calculations should be done carefully 
because oversizing heating and cooling equipment 
adds to costs and decreases efficiency. Since a heat 
pump provides both heating and cooling, its ca-
pacity should be matched to the loss or gain that 
is dominant. 
In the deep south, for example, the cooling 
season is dominant. A heat pump sized to provide 
adequate cooling in summer will have more than 
enough heating capacity in the winter. Farther 
north, the two seasons may be about equal in Btu 
requirements, so a fairly balanced design is fea-
sible. Still farther north, where the heating re-
quirement dominates, the heat pump may be sized 
for the heating load. The designer will have to be 
careful, however, not to oversize too much for the 
cooling load or summer dehumidifying will be 
inadequate. If the heating requirement cannot be 
fully met, a back-up heating system will be nec-
essary. Back-up heat can be provided by electrical 
resistance heat strips built into the heat pump, or 
by any fuel-fired system, such as a gas or oil 
furnace, space heater, or wood-burning stove. Fuel-
fired systems can be separate, or they can be 
combined with the heat pump and share air dis-
tribution and control systems. 
Heating Domestic Water with Heat Pumps 
There are two ways to heat water with heat pumps. 
One is the heat pump water heater that is inde-
pendent of the central heating/ cooling system. 
The other is a waste heat recovery unit added-on 
or built into a space heating/ cooling heat pump 
system. 
A heat pump water heater is installed near or 
on the domestic water heater. It is an air-to-water 
heat pump about the size of a portable household 
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A heat pump water heater takes heat from the room 
air to heat domestic hot water. 
dehumidifier. Air from the room is drawn across 
the evaporator coil to boil the refrigerant while 
water from the domestic water heater is pumped 
through the condenser coil to condense the refri,.. 
gerant. Because the system reduces the tempera-
ture of the air in the room that houses the water 
heater, it works well in warm weather when 
cooling is desirable. But in cold weather, the heat 
taken from the air to heat the water must be 
replaced by the space heating system. A heat pump 
water heater in an unheated basement can use 
heat lost from heating ducts that would otherwise 
be wasted. 
One disadvantage of a heat pump water heater 
is its high price. A heat pump water heater may 
not be economical unless a family uses above-
average quantities of hot water. 
A waste-heat recovery unit, sometimes called 
a desuperheater, takes heat from the hot refrigerant 
after it leaves the compressor of a heating/cooling 
heat pump. Water from the domestic water heater 
is pumped through a coil ahead of the condenser 
coil so that some of the heat that would have 
been dissipated at the condenser is used to heat 
water. Excess heat is always available in the cooling 
mode and will also be available in the heating 
mode during mild weather when the heating/ 
cooling heat pump is not working to full capacity. 
The waste heat recovery unit on a heating/ 
cooling heat pump may be more easily justified 
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waste heat 
evaporator 
A waste heat recovery system uses a desuperheater 
to ~ollect wast~ heat from the house heat pump 
dunng the coohng season and any excess capacity 
during the heating season to preheat the water supply 
to the domestic water heater. 
than a heat pump water heater. The decision to 
purchase the recovery unit should still be based 
on how much a family normally spends for heating 
water compared to the cost of the heat recovery 
unit and its operating cost. 
Why Choose a Heat Pump? 
A long-r~nge advantage of heat pumps for heating 
and cooling homes and for heating water is that 
they a~e e~ectrically operated. Electricity is a way 
of dehvenng the thermal capacity of coal and 
nuclear fuels to homes - two fuels which the 
United States has in abundance. This permits 
conserving oil and gas, which the United States 
imports. World reserves of oil and gas are estimated 
to be less than those of coal. 
Even today, some heat pump installations are 
competitive with other heating/ cooling systems in 
ins.tallation and operating costs. As the price of a 
unit of heat from gas or oil more nearly approaches 
the price of a unit of heat from electricity, heat 
pumps will have the lowest operating cost. Heat 
pu~ps are likely to become a popular heating/ 
coolmg system. 
Natural Gas 233 (4%) 
Crude Oil 170 (2.9%) 
Uranium 61 (1.1 %) 
0 1000 2000 3000 4000 5000 60 0 
Quadrillion Btu 
Estimated Recoverable Energy Resources 
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COUNCIL NOTES 
G4.2 ELECTRICAL WIRING 
This circular is intended to be used as a guide in 
planning the electrical system for a new home or as 
a basis for checking the electrical system in an ex-
isting house. It is primarily concerned with four 
aspects of electrical use and planning. 
• The location and selection of electrical outlets 
for maximum convenience. 
• The amount and the nature of the electricity 
needed to supply these outlets. 
• The individual parts of the wiring system used 
to distribute electricity throughout the house. 
• The provisions for safety from shock and fire. 
Introduction to the Wiring System 
Electrical power is brought to a house through the 
service conductors. These are wires that extend 
from the utility transformer to the house, pass 
through the Watt-hour meter, and end at the dis-
connect. Following this is a distribution panel, often 
in the same enclosure as the disconnect, which con-
tains the protective devices (fuses or circuit 
breakers) for the branch circuits. The smaller con-
ductors used for the branch circuits extend from 
these protective devices to the outlets installed 
throughout the house. On the way, many of the 
wires will pass through controls, such as switches 
or relays, to allow disconnecting selected portions 
of the circuits from the power source. 
To understand the language used in the electri-
cal industry, it is necessary to know the meaning of 
many special terms, a few of which are defined 
here. 
Ampacity-current-carrying capacity of a con-
ductor. 
Ampere-unit used in measuring electrical cur-
rent, similar to rate of flow in a liquid system. 
Circuit-two or more conductors forming a path 
for the flow of electrical current from the supply to 
the outlets and return. 
Circuit breaker-a switch which automatically 
turns off the circuit if there is an overload or a short-
circuit.lt may be reset after it has tripped. 
Conductors-usual name for the wires used to 
carry electrical current. 
Fuse-a device containing a wire which melts and 
opens the circuit if there is an overload or short-cir-
cuit. Properly sized, it gives superior protection, but 
it must be replaced if blown. 
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Ground-the earth or a conducting material con-
nected to the earth. 
Ground fault-an unintentional connection be-
tween a current-carrying conductor and ground. 
Ground-fault circuit interrupter (GFCI)-a device 
used in addition to a circuit breaker or fuse to 
provide protection from harmful shock. 
Grounding-connecting the wiring system and 
equipment or appliances to ground. The grounding 
wire is color-coded green. 
KiloWatt-hour (kWh)-the measure of energy 
used by electrical equipment, and the basis for 
utility company charges. It is determined by multi-
plying the Watts used by the hours of operation and 
dividing by 1000. 
Line conductor-also called the hot or phase con-
ductor-a current-carrying conductor, color-coded 
other than green or white. 
Neutral-a current-carrying conductor that is 
connected to the ground in the service entrance 
equipment. Color-coded white. 
Outlet-a point on the wiring system where 
equipment is connected. 
Receptacle-a device which accepts plugs to con-
nect portable lights and appliances to the branch 
circuits. 
Receptacle OlJ.tlet-also called convenience out-
let-an outlet where a receptacle is installed. 
Resistance-also called impedance-the property 
of conductors and other materials which opposes 
the flow of electric current. 
Service disconnect-a switch or switches, includ-
ing protective devices, located as part of the service 
equipment, which controls all the electrical power 
available to the building. 
Service equipment-the necessary wiring 
materials and devices used to bring electrical power 
into a building for distribution. 
Short circuit-a connection between two or more 
current-carrying wires, usually unintentional. 
Switch-a device for connecting or disconnecting 
electrical loads from the power source. 
Volt-the unit used in measuring the potential 
difference between any two points on the electrical 
system-similar to pressure in a liquid system. 
Voltage drop-;-the voltage loss which occurs due 
to the resistance of the conductors, wiring devices, 
and electrical equipment. 
Watt-the measure of the power required to 
operate electrical equipment (volts x amperes). 
THE SERVICE EQUIPMENT 
Size of Service 
The service should be large enough to provide 
power for all present uses of electricity in the home, 
with some provision for future expansion and ad-
dition of major appliances. 
60-ampere service was formerly the minimum ac-
ceptable according to the National Electric Code. 
This service provides sufficient capacity for light-
ing and portable appliances, including a range, or a 
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clothes dryer, or a water heater, but no additional 
major appliances can be added. Under no cir-
cumstances is this size service adequate for a house 
larger than 1000 square feet. 
100-ampere seroice is the current required mini-
mum service for homes. It provides capacity for 
lighting and portable appliances, including a 
10,000-Watt range plus other appliances totaling 
less than 8,000 Watts. 
150-ampere seroice is de_sirable in any modern 
house in which resistance-type electrical hea!ffig ~ 
not used. This service will pro_vide capa~ity_ f<?r all 
lighting and portable appliances, a 13,500-Watt 
electric range, a clothes dryer, up to 5,000 Watts 
(three to five tons) of central or room air condition-
ing, plus any other major appliances totaling not 
over 8,200 Watts. 
200-ampere seroice will provide capacity to carry 
all the loads listed under the 150-ampere service, 
plus electric heating. In the case of very large homes 
heated with resistance-type heating, it is possible 
that a larger service would be needed. 
Service Conductors 
Service conductors from the power source to the 
service equipment should be three-wire, 120-240-
volt, sized according to the power requirements of 
the house. The wires can be either in a conduit un-
derground or as individual wires or a three-wire 
cable overhead. The neutral wire may be bare. 
The size of the wire depends upon the capacity 
of the service equipment and the distance from the 
power source to the house. Since any power loss is 
on the power company's side of the meter, they 
usually ensure that the wires are of adequate size. 
If there is any doubt, an electrician or power com-
pany representative will be able to check. 
The Disconnect 
Consisting of one to six circuit breakers, fused 
switches, or pullouts, the disconnect is sized to the 
capacity of the service. It must be located where it 
is readily accessible for quick operation, and at the 
nearest possible point to where the. service entrance 
conductors enter the building, or <?n the exterior of 
the building between the meter and the entry to the 
building. Adequate working space, lighting, and 
marking must be provided to permit quick, easy ac-
cess for operation and maintenance. It should not 
be located in a closet, behind locked doors, or where 
stored materials would block the access. 
Protective Devices 
The selection, installation, and maintenance of 
protective devices is critical to the safe operation of 
any electrical system. 
Cartridge fuses are available in standard sizes 
from 15 to 600 amperes. They are selected accord-
ing to the ampacity of the circuit conductors. 
It is recommended that class K-5 be selected for 
use in a service disconnect. These are dual-element, 
time-delay fuses that ~arry short-term overloads, 
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such as the surge from a motor starting, but open 
with extreme speed under short-circuit conditions. 
Some panelboards come equipped with class T 
main fuses. The class H fuse is less expensive but 
does not provide the same protection. 
Fuses do not require maintenance, and provide 
constant protection over an extended time. A spare 
set of fuses should be available at the equipment, 
and blown fuses should be discarded. 
Plug fuses for branch circuit protection are avail-
able in 15,20,25, and 30-ampere ratings, and should 
be selected according to the ampacity of the con-
ductors. All plug fuses should be type S, which are 
designed for use with a special adapter that is 
placed in the Edison fuse socket. This adapter can-
not be removed, and prevents installing the wrong 
size fuse. 
if metal water pipe or 
reinforcing bars are not 
vailable, drive ground 
rod at least 8 ft. long 
service conductors 
m power company 
least: 
' above grade 
' above driveways 
3' above another roof 
{ 
3/•" steel pipe 
or 
5/s" steel rod 
or 
1f1" copper weld rod 
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service equipment 
with fuses 
circuit breaker 
Circuit breakers are mechanical devices that are 
thermally and magnetically operated to provide 
overload and short-circuit protection. They are 
selected according to the system voltage and the 
ampacity of the circuit conductors. 
Circuit breakers are convenient because they 
give a visual indication if they have tripped and can 
easily be reset to the operating position. They can 
deteriorate if installed in a dirty or damp location. 
They should be turned off and back on at least once 
a year. 
Ground-fault circuit interrupters are installed to 
provide protection in addition to fuses or circuit 
breakers. They are available either as a special cir-
cuit breaker which is both circuit breaker and GFCI, 
or as a part of a special receptacle outlet. GFCI' s 
provide protection (for people) from fatal electric 
shock. The GFCI should be located close to the 
protected outlet, and should be tested monthly. 
BRANCH CIRCUITS 
The next step in evaluating the home electrical sys-
tem is a check on the number and adequacy of the 
branch circuits. The circuits begin either in the ser-
vice equipment or in a sub-distribution panel con-
nected to the service equipment. 
Normally, each 120-volt circuit will have one 
fuse or circuit breaker lever located in the service 
equipment panel or the sub-distribution panel. A 
240-volt circuit requires two fuses or two circuit-
breaker levers linked together. 
Circuit breakers are sized according to the carry-
ing capacity of the circuit and are labeled with their 
capacity. Fuses also are labeled, but the correct 
Edison-base fuse may have been replaced by one 
either too large or too small. In this case, it will 
probably be necessary to have an electrician deter-
mine the capacity of the circuit by checking the wire 
size, and install the proper typeS adapter. 
Circuit Types 
Lighting and general-purpose circuits supply light fix-
tures throughout the house, and convenience out-
lets everywhere except in the kitchen, dining area, 
and laundry. 
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combination GFCI-
circuit breaker 
811 
u 
service equipment with 
circuit breakers 
One 20-ampere, 120-volt general purpose circuit 
should be provided for each 500 square feet or frac-
tion thereof in the house, or one 15-ampere, 120-volt 
circuit for each 375 square feet. Outlets supplied by 
these circuits should be divided equally among the 
circuits. Each room should be served by more than 
one circuit, with the lights on a separate circuit from 
the receptacle outlets. 
Appliance circuits provide power for portable ap-
pliances in the kitchen, dining room, and laundry. 
A separate circuit is normally provided for any 
workshop area. No lighting may be installed on 
these circuits. 
Two 20-ampere, 120-volt appliance circuits 
should serve the kitchen and dining areas. The 
laundry must be served by a separate 20-ampere 
appliance circuit. 
Special purpose circuits serve individual per-
manent installations. The electric range, separate 
oven, electric clothes dryer, fuel-fired central heat-
ing system, central air conditioning system, in-
dividual room heaters, dishwasher-waste disposer, 
electric water heater, and similar equipment require 
separate circuits. 
Circuit Capacity 
In order to operate efficiently, electric equipment 
must be supplied by wires of sufficient size. When 
a circuit becomes overloaded, excessive power loss 
occurs, and the wire heats up and may become a 
fire hazard. 
Common signs of an overloaded circuit are: 
• Fuses "blow" frequently or circuit breakers 
trip and must often be reset. 
• Toasters, irons, and other heat-producing ap-
pliances heat up slowly, sometimes never 
reach desired temperatures. 
• Motors overheat and run slowly. 
• Television picture shrinks when appliances 
are in use. 
The power loss in a circuit increases four times 
when the load is doubled. The cost of the power 
which is wasted by overloaded circuits will more 
than pay for an additional branch circuit. 
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POWER REQUIREMENTS FOR MAJOR APPLIANCES 
Range 
Fuel-fired heating system 
Dishwasher-waste disposer 
10,000-13,500 watts 
800 watts 
Room air conditioner (12,000 Btuh) 
Automatic washer 
1,500 watts 
1,500 watts 
700 watts 
Autom~tic clothes dryer 
Water heater 
Water pump 
Home freezer 
Built-in bathroom heater 
4,500 watts 
2,500-5,000 watts 
300-700 watts 
350 watts 
1,500-2,500 watts 
Common signs of overloaded and inadequate circuits 
Methods and Materials 
Most branch circuits begin at the service equip-
ment, but in some installations it is easier and 
cheaper to run a heavy feeder from the service 
equipment to a sub-distribution panel, and extend 
some branch circuits from that panel. For example, 
a sub-distribution panel is often placed in the 
kitchen-utility area to supply the special-purpose 
and appliance circuits serving that area. 
The most common wiring system is the three-
wire 120/240-volt system. This is really two 120-
volt circuits which use a common neutral wire. 
Either 120 volts or 240 volts can be obtained from 
this system. 
This wiring system permits flexibility in select-
ing the branch circuit. For example, the two line 
(hot) conductors can be run with one neutral and 
one ground wire to a distant junction box, where 
they are split off, each with a separate neutral and 
ground connected to the neutral and ground 
feeders, to supply separate loads. This saves the 
cost of two wires from the distribution panel to the 
junction box. Also, the two line conductors may be 
used without a neutral to serve a 240-volt load, 
which permits the use of smaller wires for a given 
installed load. 
The size of the branch circuit conductors is an im-
portant factor in a satisfactory wiring system. The 
size of wires used in a house is expressed as a gauge 
number; the smaller the number, the larger the wire. 
Number 14 wire is the smallest size permitted for 
a branch circuit. It has an ampacity of 15 amperes 
nonmetallic-sheathed cable armored cable 
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but should not be loaded to more than 12 amperes. 
Number 12 wire has an ampacity of 20 amperes but 
should not be connected to loads totaling more than 
16 amperes. This is the smallest size permitted for 
branch circuits serving the kitchen, dining, laundry, 
and family rooms. Number 10 wire has an ampacity 
of 30 amperes but should not be loaded to more 
than 24 amperes. If the length of the conductor is 
more than 50 feet, the wire should be increased by 
one size. 
Nonmetallic-sheathed cable is the least expensive 
kind of wiring and is simple to install. This type of 
cable usually contains two or three wires insulated 
with a rubber or plastic material, and a bare ground-
ing wire, all covered with tough paper and a fabric 
braid, or with a plastic covering. It is fastened in 
place by special staples, and by clamps at all outlet 
and junction boxes. It must be protected from 
damage, and should not be buried in masonry or 
plaster or used outdoors or underground, or in wet 
areas. All splices and connections must be in boxes. 
Type UF is similar to nonmetallic-sheathed cable 
but can be used indoors, outdoors, and under-
ground. A coating of tough, waterproof plastic 
replaces the braided cover. 
Both nonmetallic-sheathed cable and type UF 
cable are available in sizes from number 14 to 6. 
Armored cable is similar to nonmetallic-sheathed 
cable except it has a flexible steel cover replacing the 
braid. It is installed in the same way as nonmetallic-
sheathed cable and can be used only indoors and in 
dry locations. 
conduit knob and tube 
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Conduit is used where additional protection from 
mechanical damage is needed and where required 
by building codes. The most expensive of the 
wiring systems, it is the most durable. 
Conduit is a special grade of aluminum or steel 
pipe, either galvanized or enameled, or nonmetallic 
pipe, usually polyvinyl chloride (PVC) or 
polyethylene (PE). Metal conduit comes in two 
weights, rigid and thinwall. Rigid conduit is in-
stalled with threaded connections and thin wall and 
nonmetallic conduit with special pressure-type 
connections. 
In this system, the conduit is installed in the 
building during construction. When there is no 
longer any danger of the conduit being damaged, a 
flexible steel tape is pushed through the conduit 
and is used to pull the required wires into the pipe. 
Individual, color-coded, insulated conductors are 
used. The wiring devices are installed after the 
wires have been pulled into place. 
Knob and tube, the oldest of the wiring systems, 
is no longer approved for new residential work but 
may be found in older houses. It used single, inte-
rior-type, insulated, cambric-covered wires strung 
on porcelain insulating knobs and cleats and 
through porcelain tubes. The knobs were nailed to 
the edges and sides of exposed wood members and 
had a gripping device to hold the wire in place. 
Cleats were used to hold the wire where a fixed 
separation of a pair of wires was required, such as 
on the side of a joist. If a wire had to pass through 
a wood member, a hole was bored and a porcelain 
tube inserted and the wire run through the tube. 
The wires were no less than three inches apart and 
one inch from the surface. They were supported 
every 4 1/2 feet, and all splices and connections 
were made in metal or plastic boxes. 
Surface raceways, made of metal or plastic, are 
sometimes used for repairs and for new work over 
solid-core walls and partitions. The outlets and 
switches are mounted directly on the raceway. The 
raceways are sometimes made to replace 
baseboard, door, and corner moldings, and serve as 
trim as well. A wood molding, cut to the same pat-
tern, is used where wires are not run. 
Exterior wiring can be run overhead or under-
ground. Overhead conductors are usually copper 
or aluminum, coated with a neoprene insulation. 
Rubber-insulated, cambric-covered wires are found 
in some older installations. Underground wiring is 
most economically done with type UF cable. Plas-
tic-coated single wires are also available. Some 
codes require conduit or lead-sheathed cable. Con-
duit should be used wherever there is any chance 
that the underground wire will be subject to 
mechanical damage. Underground wiring should 
be buried at least 12 inches and should be protected 
by conduit where it enters and leaves the ground. 
Boxes 
Joints or splices in wires or cables must occur inside 
boxes, except in concealed knob and tube wiring. 
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Also, each switch, convenience outlet, and fixture 
must be attached at a box. These boxes, used with 
all types of wiring systems, are made of steel, por-
celain, or plastic. 
OUTLETS AND SWITCHES 
For convenience as well as safety, there should be 
an adequate number of receptacle outlets, lighting 
outlets, and switches located in the proper places. 
Receptacles 
The duplex receptacle, which accepts two plugs, is 
the most common device used; however, single 
receptacles are available where only one plug will 
be used. Receptacles are selected according to the 
voltage and amperage rating of the circuit. The cur-
rent rating of the receptacle should be the same as 
the circuit rating, except a IS-ampere receptacle 
may be installed on a 20-ampere circuit. 
All new 15- and 20-ampere receptacles must be 
of the grounding type which will accept three-
prong plugs. The third prong connects the frame or 
housing of the appliance to the grounding system. 
If an old receptacle being replaced was two-prong, 
and there is no ground wire to connect to the third 
prong, a GFCI-type receptacle must be used. 
Weatherproof receptacles, with watertight covers, 
are for outdoor locations. 
Locking receptacles and plugs are available for 
overhead outlets and other places where it is 
desirable to hold the plug securely. They operate by 
inserting the plug and twisting a quarter-tum. 
Locking receptacles are useful to prevent acciden-
tally disconnecting appliances such as a freezer. 
Other special forms of outlets are available. 
These include receptacle and switch combinations, 
clock outlets, safety receptacles, dual-voltage units 
which supply both 120 and 240 volts, and radio and 
television outlets which also supply antenna and 
ground connections. Special shapes and designs are 
used for 240-volt receptacles. 
Location of Receptacles 
Living rooms, bedrooms, and other general living 
areas require outlets for lamps, television, and other 
portable appliances. Enough receptacles should be 
provided to avoid the use of extension cords. For 
minimum-quality electrical service, no point along 
a wall space should be more than six feet from a 
receptacle. Every wall space more than two feet 
wide must have a receptacle. For convenience, they 
should be spaced six to eight feet apart. 
Greater accessibility is provided when the recep-
tacles are located to consider probable furniture 
placement. For example, a wall section 12 feet long 
can be served by one receptacle in the center. 
However, it probably will be blocked by furniture. 
A better solution is to locate receptacles near each 
end of the space. 
Although not required by most codes, a recep-
tacle should be located in each hall area for night 
lights and cleaning equipment. 
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~ 15A, 125V 
~ 15A, 250V 
~ 20A, 125V duplex receptacle 
~JOV 
JOA 
230 v., 30 amp. 
(dryer outlet) 
~ 20A, 250V weatherproof receptacle 230 v., 50 amp. (range outlet) 
At least one receptacle must be installed in each 
bathroom, and should be located for convenient use 
of an electric razor and night light. All bathroom 
receptacles must be GFCI-protected. 
In the dining space, an outlet on the appliance 
circuit may be located 36 inches above the floor so 
warming and cooking appliances used at the table 
or buffet can be connected easily. 
One receptacle in the laundry area should be lo-
cated near the drainage and water connections so 
the washer can be connected. Another should be 
available for ironing and other activities. 
It is recommended that appliance-circuit recep-
tacles be located every 12-36 inches along the work-
ing counter area of the kitchen. A multi-outlet strip 
is suggested. The refrigerator outlet should be 36 in-
ches above the floor. Outlets within six feet of the 
kitchen sink should be GFCI-protected. 
At least one receptacle must be installed in any 
basement and attached garage, outdoors, and in 
any attic or crawl space containing equipment 
which will need service. Garage and outdoor out-
lets and one outlet in the basement must be GFCI-
protected. 
Switches 
Permanently installed lighting fixtures must be 
controlled by a switch. Switches may also be used 
to control convenience outlets. For example, living 
rooms and bedrooms often have no built-in light-
ing. Therefore, a receptacle must be switched to 
control lighting in the room. Duplex outlets can be 
wired so that only one receptacle is switched, so the 
other can be used for a clock, radio, or other ap-
pliance. Switches are also needed for equipment or 
appliances which do not have a built-in switch or 
the switch is inconveniently located. 
When walking through the house, it should be 
possible to light the path ahead and turn off the 
lights behind without retracing steps. This also ap-
plies to outdoor routes between the house and 
garage and other major areas. 
To control a light or receptacle from two places, 
a three-way switch is needed at each point. To con-
trol from three or more places requires two three-
way switches and a four-way switch at each of the 
other locations. Low-voltage switching systems are 
often used when an outlet is controlled from three 
or more places. 
Multiple switches should be used on hall and 
passage lights. In bedrooms, it is convenient to have 
lighting controlled both from near the door and 
within reach of the bed. 
The usual snap switch has copper contact points 
controlled by a spring which either snaps them 
together, allowing current to flow, or separates 
them, halting the current, when the handle is 
operated. Switches with silver contacts or a mer-
cury tube are quieter and last longer, but are more 
expensive. 
Some switches operate with a touch on a plate or 
button. Others have lighted handles which glow 
when the switch is off to serve as locators, or hand-
les that light when the switch is on to serve as an in-
dicator for remote lights, such as in an attic or 
basement. 
~ s, s SWP ~ weatherproof switch pull-chain switch 
snap switch switch with pilot light junction box 
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In low-voltage switching systems, the wall switches 
control a special low-voltage circuit, which is con-
nected to a relay that opera,tes the line-voltage 
switch. This allows the use of inexpensive switches 
and doorbell-type wire on the switching circuit. 
This system can be expanded so that all the lights 
in the house can be controlled from one or more 
master panels, usually located in the master 
bedroom and/ or at the main entrance. 
Door switches, which turn on the lights when a 
door is opened, are used in closets and other spaces 
without natural light. In less important spaces, such 
as the basement or storeroom, a pull-chain switch 
on the fixture may be adequate. 
Dimmer Switches are used where it is desirable to 
control the light level. They commonly provide con-
tinuous control from off to full brightness. Special 
fixtures are necessary for dimmer control of fluores-
cent lights. . . . 
Time-delay switches, wh1ch allow a fiXed or van-
able time from the time the switch is operated until 
the lights are turned out, are sometimes used for 
bedroom, garage, or outdoor lights. 
Motion sensor switches are often used to control 
outdoor security lighting, or lights on porches, 
garages, and driveways. 
Weatherproof switches are housed in a water-tight 
box and operated by a handle extending through a 
gasketed opening. 
ELECTRICAL SAFETY 
A safe wiring system offers protection against 
electrical shock and fire, and should meet the fol-
lowing requirements: 
• All electrical materials and appliances used in 
the house should bear the label of the Under-
writers Laboratories, Inc., a non-profit testing 
organization sponsored by the National Board 
of Fire Underwriters. 
• The wiring system should meet the require-
ments of the National Electric Code, local 
building codes, and the utility company fur-
nishing the power. Compliance with these 
codes should result in a reasonably safe sys-
tem if properly maintained. 
Grounding 
A proper grounding system is important for safe 
operation of the electrical system and equipment. 
The local utility company should be consulted for 
requirements in addition to the following: 
• Provide a conductor from the service discon-
nect to a metal water pipe, if available, or to 
any metal frame or reinforcing rods in the con-
crete foundation. 
• If there is no metal water pipe, metal building 
frame, or reinforcing bars, provide a driven 
ground rod at the service entrance, with an un-
spliced conductor connecting it to the neutral 
conductor at the meter base. 
• Provide a jumper around the water meter. 
• Bond any metal water pipe to the gas piping, 
metal air ducts, sewer piping, metal siding, 
and any other metal objects to provide addi-
tional safety. 
• When using plastic cable or conduit, include a 
grounding conductor to connect to metal 
boxes and grounding-type receptacles. 
• When using metal conduit, make sure all con-
nections are tight. 
It is common to use a device called a surge protec-
tor with electronic equipment such as computers. 
For this device to protect the equipment, it must be 
connected to a grounded receptacle, not to a three-
prong adapter or ungrounded GFCI. 
Flexible Cords 
Cords for lamps, portable tools, work lights, irons, 
and heaters are made with stranded rather than 
solid wire for greater flexibility. The wires are insu-
lated with plastic or rubber. The wire size used 
varies from number 18 for lamps and small applian-
ces to number 8 or 6 for major appliances. 
Extension cords are used when the connecting 
cords of appliances are not long enough to reach a 
convenient receptacle. It is good practice to limit ex-
tension cords in the house to 10 feet. If the cord is 
too long or too small, it contributes to voltage drop 
and wasting of power, and can present a fire hazard 
if greatly overloaded. 
The "o.ctopus" presents a fire hazard as 
well as causing inconvenience. 
All appliances and electrical 
devices should be approved or 
listed by Underwriters 
Laboratories, Inc. Be sure the ap-
proval refers to the equipment 
and not just to the appliance cord. 
Power tools used in damp loca-
tions should be double-insulated 
or be equipped with a three-prong 
grounding-type plug to avoid 
shock caused by an internal short 
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PLUMBING SYSTEMS FOR 
THE HOME 
Small Homes Council-Building Research Council 
University of Illinois at Urbana-Champaign 
BASIC SYSTEM 
Residential plumbing installations usually consist 
of three systems:l) a water supply system; 2) 
fixtures at which water is used; and 3) a drainage 
and vent system to carry away the wastes. 
The water supply system is always filled with 
water at greater-than-atmospheric pressure. Once 
inside the building from the water main, the supply 
system branches into a cold water supply tree and 
another part which goes through the water heater 
and becomes a hot water supply tree. 
Fixtures fulfill the basic purpose of plumbing 
systems-to provide clean water and dispose of 
wastes. They also help ensure that the water supply 
remains clean by providing a physical separation 
between the supply and drainage piping . 
The drainage system consists of waste, soil 
and vent piping. Waste pipes carry water-diluted 
waste products; soil pipes carry fecal matter and 
wastes; vent pipes connect the drainage system to 
the atmosphere and allow gases to escape. 
Movement of liquids and solids through the 
drainage system is by gravity. In addition to the 
occasional waste flow, the drainage system contains 
air and sewer gases. To prevent these foul-smelling 
gases from entering the building, a trap is installed 
at each fixture. A trap is a length of drain pipe 
which is shaped in such a way that it does not 
drain completely. After each use of the fixture, the 
trap retains enough water to fill the drain pipe at 
that point. The trapped water serves as a seal to 
contain the gases within the drainage system. 
Occasionally, the pressure developed in front 
of a column of water falling through a drain pipe 
may be enough to blow the water seal (and the 
sewer gases) through the trap and into the building. 
Likewise, the pressure behind a falling column of 
water can be low enough to suck the water from 
a trap into the drainage system. 
To prevent either of these things from hap-
pening, a second set of openings is added to the 
drainage system. These openings form the venting 
system, which connects the drainage system to 
the outdoors. The venting system maintains at-
mospheric pressure in the drainage system, which 
helps the wastes to flow properly and protects the 
water seal in the traps. 
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~ vent branch......____,_ 
stack vent 
3-- building drain 
Diagram of the major components of the drain/ 
wastejvent system, showing a loop vent. 
PLUMBING CODES 
The design of plumbing systems is generally gov-
erned by a local or statewide plumbing code. Most 
of these are based on one of the model plumbing 
codes published by the major model code associ-
ations.* 
SUPPLY SYSTEM 
Planning the water supply system should be based 
upon the efficient use of materials, ease of con-
struction, protection from freezing, and ease of 
maintenance and repair. A basic principle is that 
all piping runs be short, straight, and direct, with 
as few fittings as possible. 
In planning the house, an effort should be 
made to locate rooms which will contain plumbing 
fixtures as close as possible to the point where the 
water service enters the house and where the 
sewer line leaves the house. If possible, rooms 
which contain plumbing fixtures should be grouped 
so that the fixtures in more than one room can 
share the same wall containing piping. This can 
be done by arranging rooms so that the fixtures 
in two or more rooms are placed back-to-back 
against the same wall or are located above one 
another on different floors. 
• 1) Basic Plumbing Code, by the Building Officials and Code Administrators 
International (BOCA); 2) Uniform Plumbing Code, by the International Conference 
of Building Officials (ICBO); and 3) Standard Plumbing Code, by the Southern 
Building Code Congress International (SBCCI). Other privately published plumbing 
codes include the National Plumbing Code of the American Society of Mechanical 
Engineers and the National Standard Plumbing Code of the National Association 
of Plumbing-Heating-Cooling Contractors. 
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pply from well 
or water main 
to sewer or 
system septic 
Components of a residential plumbing installa-
tion: 1) supply system (left); 2) fixture, (top); and 3) 
drainage and vent system (right). 
Walls containing vertical piping are known as 
chase walls, wet walls, or plumbing walls. They 
are usually thicker than typical interior walls. In 
most houses, the plumbing wall will be built with 
2x6 studs rather than the typical 2x4' s. In some 
cases, a double wall, each side framed with 2x4' s, 
will be used. 
Jogs and offsets in plumbing walls containing 
horizontal lines should be avoided. Fixtures in any 
one room should be arranged so that all of their 
supply, drain, and vent lines fall within one wall. 
This makes installation easier, uses less material, 
and simplifies the framing of the house. The water 
heater should be located as near to the fixtures 
using hot water as possible. 
To reduce the possibility of problems with pipes 
freezing, water supply lines should net be located 
in exterior· walls of the house. If this location is 
unavoidable, the pipes should be run against the 
inside face of the wall with as much insulation as 
possible separating them from the cold side of the 
wall. No insulation should be installed on the 
warm side of the pipes. Freezeproof valves should 
be provided for outdoor sill cocks. Drain valves 
should be used to provide seasonal drainage of 
outdoor piping, and the pipes must be carefully 
sloped so that they will drain. 
The location of the drainage and vent systems 
must also be considered when planning the supply 
piping and fixture locations. The plumbing wall 
should not fall in the same plane as a roof truss 
or floor joist. If it does, the plumbing systems will 
have to be elbowed around the structural members, 
or the structural members will have to be cut and 
consequently weakened. 
If major framing elements run perpendicular 
to the plumbing wall, care should be taken that 
the fixtures requiring below-floor drains are located 
so that the drains do not conflict with the floor 
framing. Joists should not be notched in the middle 
third of the span, and holes in them should not 
be larger than one third the depth of the joist. 
bearing wan 
11 I II 
A plumbing installation designed for a minimum of notching of framing members, and the additional supports 
necessary. The drawing on the right shows the plumbing wall parallel to the floor joists, and the one on the 
left shows it perpendicular to the floor joists. 
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RECOMMENDED PIPE SIZES1 
Supply Drain/Trap Vent 
Fixture Size, in.2 Size, in. Size, in. 
House Main 1 
House Service 3/4 
Supply Riser % 
House Sewer 4 
House Drain 3 
Soil Stack 3 
Branch Drain/Vent 11/2 11/• 
Water Closet 1h 31/2 2 
Bathtub 1h 11/2 11/• 
Lavatory 1/2 1 1/4 21/4 
Kitchen Sink 112 1112 11/4 
Laundry Tray 112 11/2 11/4 
Clothes Washer 1/2 2 11/4 
Dishwasher 1/2 1112 11/4 
Shower Stall 112 2 11/4 
1. For one- and two-family dwellings of average size. 
2. All supply pipe sizes except main and service are for either 
hot or cold. 
Accessibility for installation and repairs should 
also be considered. A crawl space must be at least 
24* and preferably 36* deep. An access panel into 
the bathroom plumbing wall just behind the tub 
greatly simplifies typical repairs to the drain plug 
mechanism, faucet, and shower diverter. 
Placement of the bathroom fixtures within the 
room should consider easy access for use and for 
cleaning. For suggested clearances, see Council 
Note C5.7, Bathroom Planning Standards. 
Supply Pipe Sizing 
The pipes should be sized to provide adequate 
pressure and flow at each fixture. For one- and 
two-family houses of average size, experience has 
shown that a 1 * house main, 3/• * house service 
and supply riser, and 1/2* pipes to individual fixtures 
will provide adequate service. Larger sizes may be 
needed for special uses, such as swimming pools. 
Supply Pipe Materials 
Two major factors are used to make the choice of 
piping material for a specific job: 1) the charac-
teristics of the local water supply-its acidity, and 
its air, carbon dioxide, and mineral content; and 
2) original cost and ease of installation and repair. 
Galvanized Steel. The galvanizing process de-
posits a thin coating of zinc on the surface of a 
steel pipe, which protects it against corrosion. The 
advantage of galvanized steel pipe is its low cost 
and high strength. It is resistant to high pressures 
and water hammer. The major disadvantage is that 
the joints are typically threaded. The initial in-
stallation is laborious, and the need to thread new 
joints in place makes later connections to existing 
systems difficult. 
Art other disadvantage is its tendency to corrode 
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or form scale on the pipe interior. Galvanized 
pipes are best where the water is moderately hard 
and alkaline. Water which is naturally soft should 
be treated with a silicate corrosion inhibitor and 
with caustic soda or lime to make it alkaline. Very 
hard water should be softened to control scaling. 
Corrosion or scaling can effectively reduce the 
inside diameter of the pipe, greatly reducing its 
carrying capacity and increasing the pressure loss. 
Galvanized steel pipe should not be in contact 
with concrete. 
The threaded connection is the most common 
way of joining galvanized pipe. The threads are 
coated with pipe joint compound or wound with 
plastic joint tape before assembly to prevent leaks. 
Copper. Although it is more costly than galva-
nized steel, copper pipe is convenient to work and 
easy to join. It is sufficiently corrosion-resistant for 
use with most water supplies. Water that is very 
soft, very hard, or very high in carbon dioxide 
should be treated before entering a copper plumb-
ing system. While the piping is durable, the joints 
are weaker than the pipe and are subject to damage 
from water hammer. Air chambers should be in-
stalled at the ends of supply lines to cushion 
sudden flow stoppages. 
Rigid copper pipe is hard-tempered and is 
generally connected using copper fittings sealed 
with tin-lead solder. Rigid copper pipe comes in 
three wall thicknesses: type K (thick); type L 
(medium); and type M (thin). All have the same 
outside diameter and the same nominal size. Rigid 
copper comes in 10' and 20' lengths. 
Flexible copper tubing has several advantages 
over rigid copper pipe. It is easier to install, es-
pecially in cramped areas. It can be bent into 
smooth turns, which reduces both friction in the 
system and the number of fittings required. It can 
withstand several freezing cycles without cracking, 
although with each freeze the pipe expands and 
the pipe wall becomes thinner. 
Flexible copper tubing offers more types of 
connections. In addition to soldered fittings, which 
require heat, flared and compression fittings can 
be used. A flared fitting is made by slipping a flare 
nut over the end of the tube, reforming the tube 
so that it has a flared tip, then screwing the flare 
nut onto a tapered threaded fitting. A compression 
fitting is similar except the nut bears against a 
brass ferrule as it is screwed onto the fitting instead 
of against the flared end of the tube. A push-in 
connector is now available, consisting of stainless 
steel retainers and a neoprene sealing ring mounted 
in a nylon body. 
Flexible tubing is available in 30', 60' and 100' 
coils of type K or type L. Type K is usually used 
underground, and type L indoors. 
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Plastics. Plastic piping is relatively new, and is 
accepted by most plumbing codes. Plastic pipe 
weighs only about 1 /20th as much as steel pipe, 
is easily joined, non-corroding, and has low in-
ternal friction. Joints are typically made using 
solvent and plastic fittings. Although these joints 
are easy to make, the solvent acts quickly, and the 
joint is permanent. The only way to correct mis-
takes is to saw the joint out and start over. The 
corrosion resistance of plastic allows it to remain 
smooth inside, which maintains the carrying ca-
pacity of the pipe as the system ages. 
Plastic is a much better insulator than metal 
pipe. Therefore, hot water lines do not cool as 
fast, and condensation is less likely to form on 
cold water lines. Plastic expands and contracts 
much more with temperature changes, so it is 
necessary to support it at closer intervals than 
metal pipe to prevent sagging. For the same reason, 
plastic pipe is snaked when it is laid underground. 
The maximum operating temperature for plastic 
pipe ranges from 120 to 300°F., depending on the 
type of plastic. 
Plastic piping generally should be kept away 
from high temperature areas, such as heat ducts. 
Unlike metal piping, it is not a good electrical 
conductor. This prevents corrosion, but means the 
cold water pipe cannot be used as a ground for 
the building electrical system. 
Depending on type, plastic pipe varies in its 
degree of flammability. Plastics weather differently 
than metal; instead of corroding or oxidizing, they 
chemically degrade when exposed to ultraviolet 
radiation and become brittle. This can be avoided 
by using plastics made with ultra-violet stabilizers. 
There are four types of plastic supply piping 
commonly used in houses: polyethylene; polyvinyl 
chloride; chlorinated polyvinyl chloride; and po-
lybutylene. All four can be used for cold water, 
but only the latter two should be used for hot 
water. 
Polyethylene pipe (PE) is commonly used for 
the cold water supply from the main or well to 
the house. It has a lower working temperature 
than most plastics, from -67 to 112°F. It comes in 
Types I, II, and III, in order of increasing density. 
Joints are made using tapered, serrated inserts of 
polystyrene or galvanized steel which slip into the 
ends of the pipe, which is compressed against the 
insert by a metal hose clamp. 
Polyvinyl chloride (PVC) is the most common 
plastic used for cold water supply lines within the 
house. Joints in PVC pipe can be either solvent 
welded or made with threaded fittings, which are 
commonly available in heavier weights of pipe. 
PVC pipe is made in two types. Type I is unplas-
ticized and has a maximum working temperature 
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polystyrene or 
s t[lo 4 '-..J.-----""!-~~ a 
A barbed insert and clamps are used to join poly-
ethylene and polybutylene pipe. 
Soldered joints in copper supply lines use ftux to 
carry melting solder into the heated joint. 
flare nut 
threaded 
fitting 
Flexible copper tubing is joined with either 1) a 
ftared fitting, or 2) a compression fitting. Both create 
mechanical, non-soldered joints. 
internal 
threads 
(fitting) 
union 
matched joint nutfi 
.-------! ring 
lll______j nut 
external union 
thf!itads nut (pipe) 
Galvanized steel pipe may be joined by 1) a standard 
threaded joint; 2) a union fitting threaded onto the 
pipe ends; 
PVC, CPVC, and ABS plastics pipes are joined by 
solvent welding. 
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of 150°F. Type II is plasticized by the addition of 
rubber, which makes it less brittle than Type I, 
but reduces its strength and working temperature. 
Chlorinated polyvinyl chloride (CPVC) is the 
most common plastic pipe for hot water lines. It 
can be used with water temperatures up to 212°F., 
although the water heater relief valve should be 
set no higher than 180°F. Support clamps should 
be provided on horizontal runs every 3' to prevent 
sagging. Because it is more expensive than PVC, 
CPVC is usually used only on hot water lines. 
Joints are solvent welded. 
Polybutylene (PB) pipe is suitable for either 
hot or cold water. It is so flexible that most bends 
can be made without fittings. It can be obtained 
in a high-temperature grade for use up to 221 °F. 
PB pipe is similar to Type III PE, but is stronger. 
Freezing will not burst it, and it is flexible enough 
to absorb water hammer. Like PE, joints are made 
using a tapered insert and an external clamp, 
usually a copper ring clinched with a special tool. 
FIXTURES 
Water flows into a fixture from the supply system, 
is used for some purpose, and then drains out of 
the fixture into the drainage system. Fixtures are 
designed so that drain water cannot return to the 
supply pipes. The only way this reverse flow can 
happen is through back-siphonage. This can occur 
when the pressure in the supply pipes drops below 
that of the air or water at the end of the pipe. 
This almost never happens because the water in 
the supply pipe is under pressure and the pipes 
end in air at atmospheric pressure. However, a 
water main break can cause this pressure loss. 
Plumbing codes require that fixtures have an 
air gap that separates the supply lines from the 
highest point at which contaminated water can 
collect. This highest point is usually the level of 
the overflow drain of a lavatory, laundry tray, or 
bathtub. The minimum air gap is usually twice 
the diameter of the faucet or a minimum of 1" for 
lavatories, 1 1/2" for sinks, and 2" for fixtures having 
1" bath faucets. Add-on devices, such as shower 
hoses which are long enough to dangle into the 
bath water, can defeat the purpose of the air gap. 
When an air gap is not feasible in the design 
of a fixture, a device called a vacuum breaker is 
installed. It acts as a one-way valve, allowing 
water to flow through it under pressure but open-
ing to allow air in rather than permitting reverse 
flow of water. Vacuum breakers are generally re-
quired on dishwashers and other water-using ap-
pliances that otherwise lack an air gap. For further 
information on fixture selection, see Council Note 
G5.1, Bathroom Equipment. 
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DRAIN/WASTE/VENT SYSTEM 
The drainage system is often referred to as the 
drain, waste, and vent (DWV) system. It is larger 
and more complex than the water supply system. 
Its installation is more critical because the pipes 
are larger and must be installed at a slope for 
gravity drainage. 
System Layout 
The three major parts of the DWV system are the 
drain lines (waste and soil pipes), traps, and vents. 
All are interconnected-in fact, a given pipe may 
serve as a drain in part of its length and as a vent 
in the remainder, or as both a drain and a vent at 
the same time at the same location. 
At the center of the DWV system is one or 
more vertical drainjvent pipes. They are usually 
near the water closets, since they require the largest 
drains and short horizontal runs. A typical drain/ 
vent pipe will have one or more connections to 
water closet drains, plus branch drains serving 
several fixtures each. Branch vents serving those 
same water closets and other fixures also connect 
to the drain/vent pipe at points higher than the 
branch drain connections. Thus, the lower portion 
of this vertical pipe serves as a main drain (soil 
stack), which leads to the building drain and 
eventually to the sewer. The upper portion serves 
as the main vent (stack vent), which leads through 
the roof to the outdoors, providing a source of 
atmospheric pressure. 
The branch vents and branch drains are in 
turn fed by fixture drains. These include the traps, 
which prevent sewer gases from entering through 
the fixture drains. 
The branch vent provides an air supply to 
equalize pressures and smooth the flow in the 
drainage system. If no air is available through the 
vent system, or if the flow of water is so heavy 
that it overcomes the surface tension holding it 
against the pipe wall, drainage can be accompanied 
by gurgling noises, vibration, and loss of the trap 
seal. 
air gap 
An air gap prevents the back-siphoning of waste 
water if the pressure drops in the supply system. 
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inlet 
A typical P-trap ·keeps sewer gases from entering the 
house by maintaining a water seal. 
Drain Piping. The routing of drain pipes can 
cause serious problems during construction unless 
it is carefully considered during the design process. 
Because the system drains by gravity, all horizontal 
pipe runs must be sloped downward in order for 
water to flow. This restricts the length of horizontal 
runs which can be used before the sloping pipe 
crosses a structural member or exceeds the depth 
of the space in which it is concealed. 
A horizontal pipe should slope at least 1/4" per 
foot of run if it is 3" or less in diameter, or at least 
1/s" per foot of run for larger pipes. The pipe must 
be properly supported to maintain the slope. Drains 
laid underground should be on undisturbed earth 
or concrete to avoid settlement. 
Turns and fittings should be minimized. Ideally, 
the flow should move in one direction. If turns 
are necessary, sweeping bends are preferred to 
sharp turns. Fittings for drain systems are different 
from those for supply systems. Therefore, the 
fitting name is preceded by the the name drain, 
as in drain bend and drain wye. 
Each fixture requires its own trap. Most fixture 
traps are shaped like the letter "P" and are called 
P-traps. These are used on kitchen sinks, lavatories, 
and laundry trays. A drum trap is usually used 
w.c. 
Stack-Vented Option 
Three possible ways to vent a kitchenjbath combi-
nation: 1) standard loop vent; 2) wet vent from the 
tub; 3) stack venting. 
GS.O Plumbing 
for the bathtub because it is easier to clean, and 
bathtub drains are frequently clogged with dirt 
and hair. Drum traps are generally 3" to 4" in 
diameter and have a removable top for easy access. 
The drain line from the tub enters the lower portion 
of the drum and the drain line to the rest of the 
system leaves it 2" to 4" higher maintaining a 
water seal. Water closets have a trap built into 
their internal structure. 
There are five ways in which a trap can lose 
the water seal: 1) by suction (back-siphonage) in 
the drain system; 2) back-pressure from a slug of 
sewage passing through the system may force the 
water seal up into the fixture; 3) in rarely used 
drains, such as floor drains, the seal may be lost 
by evaporation of the water; 4) the seal can be 
lost by capillary action of an object stuck in the 
trap, such as a piece of cloth; and 5) outdoor wind 
conditions can create positive or negative pressures 
within the DWV system which can either push or 
suck the water out of the trap (the latter is more 
likely to occur). 
While freezing is a greater problem in the 
supply system, the water seal in a trap can also 
freeze, causing cracks in the pipes or joints, and 
later leaks. If a building is to be left unheated 
during freezing weather, each trap must be indi-
vidually drained or antifreeze added to the water 
in the trap. 
Cleanouts are fittings which provide access to 
the drainage system for the removal of blockages 
caused by hair, grease, lint, or other solids. They 
usually consist of a 45° wye fitting, the same 
diameter as the drain pipe, with a removable plug. 
When the plug is removed, a cleaning tool can be 
inserted to remove t:Qe blockage. Cleanouts should 
be located at the base of each soil stack and where 
the drain leaves the building. A cleanout also 
should be provided at each change of direction of 
more than 45°, and every 50' in pipes 4" or smaller 
or every 1 00' in larger pipes. 
w.c. 
Wet-Vented Option 
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Vent Piping. The vent piping consists of the upper 
half of the fixture branches, a vent stack where 
these join, and the upper portion (stack vent) of 
the soil stack. It is usually the same size and 
material as the lower components, which serve as 
drains. The larger the diameter of the drain pipe, 
the farther the vent can be located from the trap 
and still protect the water seal. 
In one-story buildings, or the top floor of multi-
story structures, where the fixtures are located 
close to a soil stack, stack venting may be permitted 
by some codes. In this case, the drain pipe is sized 
large enough and is short enough that it is never 
entirely filled with water. Therefore, there is always 
an air space above the water flow which acts as 
a vent. 
In those situations where it is inconvenient to 
run a vent from a fixture, such as a kitchen sink 
in an island, wet venting can be used. In wet 
venting, the fixture drain is oversized and used as 
a vent as well as a drain. Wet venting should not 
be used for water closets. 
DWV Pipe Sizing 
Adequate pipe sizes are needed for the drainage 
system to work properly. The recommended drain 
and vent sizes for different parts of the system 
are given in an adjoining table. Reducing the size 
or slope of the drainage pipes to fit the space 
available may result in inefficient and noisy sys-
tems. 
DWV Pipe Materials 
The most common materials for drainage systems 
are plastic, copper, cast iron, and galvanized 
wrought iron or steel. Brass, and lead are some-
times used, but they are usually too costly for 
residential construction. 
Plastic.s. Two types of plastic pipe suitable for 
drainage systems are polyvinyl chloride (PVC) and 
acrylonitrile-butadiene-styrene (ABS). PVC pipe 
used in drainage systems is of the same formulation 
as that used in water supply systems, but has 
thicker walls. 
ABS pipe has an operating temperature range 
of -40°F. to 180°F. It can be obtained with solid 
walls or with foam-cored walls, the latter being 
cheaper. ABS pipe can be solvent welded with or 
without a primer, or it can be obtained with 
threaded fittings. 
Plastic drain piping has several advantages. 
Some manufacturers produce a 3" drain pipe with 
joints compact enough to fit within a standard 2x4 
stud wall. This may eliminate the need for special 
framing for plumbing walls. The light weight of 
plastic pipe means less load on the structure. Since 
plastic is a better thermal insulator than metal, hot 
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packed oakum 
A bell-and-spigot joint in cast iron pipe is made 
using hot lead, and is bulky and time-consuming. 
Hubless cast iron is joined with a neoprene sleeve, 
a stainless steel jacket, and clamps. 
liquids with suspended grease (dishwater) are less 
likely to be cooled to the point of depositing the 
grease, which clogs the pipes. 
Disadvantages include its vulnerability to 
puncture, to damage by rodents, and to some 
industrial chemicals. 
Building and plumbing codes vary in their 
attitude toward plastic drain piping, but it is ac-
cepted by most. Local codes should always be 
consulted during the early stages of the design of 
the plumbing system. 
Cast Iron. This is the traditional material for 
drain piping. It is heavy, durable, and serviceable 
underground or in concrete. Older installations 
have bell-and-spigot or hub-and-spigot joints. Pipe 
sections are cast so that one end flares out into a 
hub or bell, which fits over the straight end, or 
spigot, of the next section. The gap between the 
bell and spigot is packed with oakum or tow 
hemp, and caulked with molten lead. The flow 
should always be from spigot to bell. 
The introduction of hubless joints and fittings 
for cast iron pipe has made it possible to run a 3" 
cast iron drain line within a 2x4 stud wall. Hubless 
joints consist of a neoprene rubber sleeve gasket 
which fits over the joint, a stainless steel jacket 
which fits over the gasket, and worm-drive clamps 
which compress the jacket and gasket against the 
pipe. Support must be provided at the joints and 
at 4' intervals along the pipe. 
Galvanized Steel or Wrought Iron. This pipe is 
used in DWV systems essentially the same way it 
is used in water supply systems. Threaded joints 
and fittings are typical but must be of the drain 
type. Where galvanized pipe connects to cast iron, 
it is generally fitted into a bell and leaded. 
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G5.1 BATHROOM EQUIPMENT 
SCOPE 
This publication deals with bathroom equip-
ment. The four basic units are the water closet, 
the tub-shower, the shower stall, and the lava-
tory-counter. Storage and mirrors, as well as 
water-resistant walls and floors, are discussed. 
Auxiliary equipment consists of safety items, 
electrical equipment, and plumbing hardware. 
REQUIREMENTS FOR SELECTION 
Selection of fixtures and equipment should be 
based on: 
Minimizing Hazards. The bathroom accounts for 
about 25% of all home accidents, most of which 
are caused by falls, burns, and electrical shock. In 
order to reduce accidents: 
• Avoid slippery foot-support surfaces, 
• Provide grab bars at tub and shower, 
• Avoid breakable glass doors at tub or shower, 
• Limit the temperature of hot water, and 
• Protect against electrical shocks. 
Simplifying Cleaning and Maintenance. Surfaces 
should be stain-resistant and easy to clean. There 
should be adequate clearance to clean around fau-
cets, toilet base, etc. Corners should be rounded 
or coved. 
Reasonable Cost. The costs considered should in-
clude the initial cost of the fixtures, installation, 
maintenance, and operation. 
Appearance. The color of major fixtures should 
harmonize with the decor of the whole room. 
White or soft neutral colors allow more freedom in 
selecting future decorating schemes. 
BASIC FIXTURES 
Water Closet 
Types and Materials. The common household 
water closet is made of vitreous china. Newer 
models feature some of the following: quiet flush-
ing action, quiet filling mechanism, large water 
area to reduce fouling, reduced water usage, jet-
action water entry into the bowl for more positive 
flushing, and a non-overflow flushing system. 
The three common types are the one-piece 
floor-mounted, the two-piece floor-mounted, 
and the wall-hung model. With the latter, the 
floor under the tank is more accessible for clean-
ing. Some prefer the appearance and non-over-
flow features of the one-piece low tank, which is 
usually more costly than the two-piece· unit. 
COUNCIL NOTES Volume 2 Number4 Spring, 1978 
@1978 by The Board of Trustees of the University of Illinois 
Material in this publication by: 
William H. Kapple, AlA, SHC-BRC 
Consultants: Donald E. Brotherson, AlA; Rudard A. Jones, 
AlA, and Seichi Konzo 
Artist: Joan R. Zagorski Cover: Becky A. Zagorski 
Editor: Henry R. Spies 
Published quarterly by the Small Homes Council-Building Research 
Council, University of illinois at Urbana-Champaign, One East Saint 
Mary's Rt>ad, Champaign, Illinois 61820. 25c per copy. 
Page 2 
One-piece, floor-mounted Two-piece, floor-mounted 
The height of floor-mounted seats ranges from 
14" to 18". A 20" seat height may be desirable for 
use by the elderly or handicapped, either to make 
it easier to arise or to facilitate transfer from a 
wheelchair. Floor-mounted water closets with 
higher seat levels are not commonly avaHable, but 
an extension seat can be used. The wall-hung unit 
can be mounted at any level. 
Flush Tank. The flush tank discharges three to 
five gallons of water at each flushing action. As 
water conservation becomes more important, 
smaller tanks with coordinated bowl design for 
better flushing action will become more common. 
In summer, moisture can condense on the out-
side of the tank when the room humidity is high 
and the supply water is cold. Tanks are available 
with insulation placed inside the tank to mini-
mize moisture condensation. Other remedies for 
condensation include using a special valve to 
temper the cold water entering the tank with hot 
water, and a tray which collects the condensate at 
the bottom of the tank and drains it into the bowl. 
Bidet. A bidet is an optional piece of bathroom 
equipment used by both men and women for 
cleaning the perineal area after using the water 
closet. It is thought by some to be more hygenic 
than using only toilet paper. New models are de-
signed to replace the water closet and deliver 
warm water for washing and warm air for drying. 
Wall-hung Bidet 
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Square tub Sunken tub Rectangular tub 
Bathtub-Shower 
Tub Types. Three common types are available, as 
shown. The square and sunken types are more 
difficult to clean than rectangular types. Common 
overall dimensions for a rectangular metal tub 
are: 14" to 16" high, 281/2" to 32" front-to-hack 
width, and 60" long. A 36"-wide tub is also avail-
able, as are oversize specialty tubs. 
The one-piece plastic tub-shower assembly is 
commonly 34" to 36" wide and the integral walls 
are at least 72" high. Some models have ceiling 
covers. Many tubs and tub-shower assemblies are 
so large that they must be brought into the bath-
room before the framing is complete. Ability to fit 
through doors may dictate the tub selection dur-
ing remodeling. 
Tub Materials. The most common material in the 
past has been a cast-iron base with a thick porce-
lain-enamel finish. Tubs are also made of formed 
steel wit_h a porcelain-enamel finish. The plastics 
assemblies are made of a base of polyester resin 
and glass fibers and a thin surface or gel coat of a 
smooth plastic, or of a molded acrylic sheet. 
The surface finish of any tub can be damaged 
by improper maintenance, such as the use of 
abrasive cleaners. It is particularly important that 
plastics assemblies be cleaned only with warm 
water and liquid detergent, or a foam-type clean-
er. S?me types_of gel coat can be damaged by am-
monia. Hot obJects, such as cigarettes, can char a 
plastics ~urface. Dull areas on plastics can be pol-
Ished with automobile body cleaner-wax. 
Built-in ledges are provided in most square 
tubs and one-piece molded assemblies. Ledges 
are needed for storing items used during bathing, 
but the rim to be stepped over should be narrow 
to make entry into the tub as easy as possible. 
A tub with a "flat" bottom that drains towards 
the outlet provides safer footing than one with a 
"rounded" bottom. 
A shower head over a tub is common, and re-
quires that the tub area have a water-resistant 
surface finish installed over a water-resistant 
backing, and that the joints between the tub and 
the walls be sealed. It also requires doors or cur-
tains to contain the splashing water. 
. Sliding ~oors glazed with safety glass or plas-
hes ~re available. However, the reduced opening 
:estncts acc~ss to the tub for cleaning or for bath-
Ing small children. Bi-fold or accordion-fold doors 
occupy less space when open. 
GS.l Bathroom Equipment 
A double curtain that slides on a metal rod is 
commonly used. The inner curtain prevents water 
spillage, while the outer curtain is decorative. 
Shower Stall 
A sh?wer stall can be installed in any bathroom, 
and Is often used instead of a tub for the second 
bathroom. Most showers consist of a receptor 
made of pre-cast stone, concrete, pre-formed 
metat or plastics, topped by water-resistant 
walls, either self-supporting or attached to the 
wall framing. Complete plastics shower units, 
either one piece or assembled from pre-formed 
parts, are gaining in popularity. 
A common small shower stall is 30"square. A 
more acceptable stall is 36" square or 36" by 48". 
Complete assemblies are about 84" high. 
A shower stall offers easier entry and exit and 
more secure footing than a shower in a tub, espe-
cially when provided with grab bars. Portable 
suction mats or "slip-resisting" tapes can be 
used if the floor finish is not slip-resistant. 
A floor area at least 36" by 48" allows space for 
either a fixed or a fold-up seat outside the spray 
area. A stool made of redwood or cypress can be 
used as a seat or footrest. Recommended dimen-
sions are 28" long (providing a narrow ledge for 
shower suppliesL 14" wide, and 15" to 19" high. 
Any seat should be self-draining and can be 
covered with a water-resistant cushion. 
Prefabricated plastics tub unit 
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Prefabricated plastics shower unit 
Shower head with 
shut-off valve 
Closures. A curtain that slides on a metal rod can 
be used, but a higher than normal curb is neces-
sary to prevent the curtain from billowing out and 
allowing water to run onto the floor. Sliding or hi-
fold doors with safety glazing are available for 
wide stalls. Hinged doors are common, but if they 
open outwards they should have a provision to 
minimize water dripping onto the floor. 
Shower Head. Some shower heads can be adjust-
ed from fine mist to heavy spray. A built-in flow 
restrictor and shut-off valve can reduce energy 
use and water consumption. See page 8 for a de-
scription of ~he hand-held spray. 
Lavatory 
The two basic types of lavatories are the wall-
hung unit with a ledge at each side, and the lava-
tory installed in or as a part of a counter supported 
by c·abinetry. The former combines the bowl, 
backsplash, and narrow side ledges. Some mod-
els have a raised back ledge that serves as a back-
splash. The back and side ledges vary from 1" to 
Drop-in lavatory, metal rim 
10" (at least 4" is desirabie). The inside bowl di-
mensions vary from 10" to 16" front-to-hack and 
from 13" to 17" side-to-side. The bowl depth 
varies from about 51/z" to 71/z". 
The counter lavatories are of four types: a 
drop-in type with a raised self-rim; a drop-in type 
with a thin-edge metal trim over the joints; a type 
that is fastened to the bottom of the counter with 
the counter edge exposed and finished; and a 
molded lavatory-counter unit. When installing a 
lavatory in a longer counter, it is desirable to 
install it toward one end, allowing a larger space 
at one side for such tasks as changing and dress-
ing an infant. . 
It is possible to install a single-bowl kitchen. 
sink in the bathroom instead of a lavatory for 
bathing infants and small children, washing hair, 
and doing hand laundry. The larger basin con-
trols splashing, and a hose spray is a convenience. 
Most lavatories are made of vitreous china. 
Other common materials are: porcelain over cast 
iron or steel; a thick section of cultured marble 
(ground marble powder with plastics binder); 
and thermoformed plastics sheet material. Mater-
ials differ widely in resistance to impact, to stain-
ing or charring by cigarettes, and to cosmetic 
spills. 
The most popular counter material, the high-
pressure plastics laminate (Formica®, Micarta®, 
Evanite®, etc.), is made in a variety of colors and 
patterns, and with a finish that resists normal 
wetting and wear. The thin laminate is applied 
over a base of plywood or particleboard and in-
stalled as a unit. The material discolors or chars 
with cigarette bums. 
Ceramic tile is seldom used. It is difficult to 
clean, and can crack under heavy impact. 
Both genuine and cultured marble can crack 
under impact, and genuine marble stains easily. 
One-piece counter-lavatory units can be form-
ed of cultured marble or thermoformed plastics. 
Their characteristics vary with the type of binders 
or plastics used. 
Molded lavatory-counter unit 
Drop-in lavatory, self-rim 
· Wall-hung lavatory Counter-suspended lavatory 
Page 4 University of Illinois SHC-BRC 
' 
STORAGE 
Vanity Cabinet. A base cabinet below the lava-
tory can provide a single shelf for limited storage. 
This unit is commonly 27" wide (side-to-side) and 
provides space for storing paper products, soaps, 
and bathroom supplies. Matching cabinets with 
shelves or drawers are also available in 3" incre-
ments, with a minimum width of 1211• 
Medicine Cabinet. The minimum sized cabinet is 
1411 wide and fits between studs that are 1611 on 
center. At the time of framing the carpenter can 
provide a stud opening so that the desired size 
cabinet will be centered above the lavatory. 
In remodeling, an identically sized cabinet 
can be fitted into an existing recess. If the framed 
opening is difficult to modify or enlarge, a sur-
face-mounted cabinet can be installed to cover the 
entire recess. Such cabinets will protrude a few 
inches from the wall and may require a finish on 
exposed edges. 
Miscellaneous. In addition to other storage units 
that might be located in the bath, such as towel 
cabinets and linen closets, a shallow storage unit 
can be located above the flush tank of the water 
closet. Cleaning compounds and medicines can 
be placed on upper shelves out of easy reach of 
small children. A 1211 space between the tank cover 
and the bottom of the storage unit is necessary to 
service the flush tank. 
Mirrors. The small mirror on most medicine 
cabinets is barely adequate. A large mirror that 
fits the wall space between the top of the back-
splash and the door height will be useful and give 
the impression of a larger room. The medicine 
cabinet is then located on a sidewall. Two medi-
cine cabinets with opposite door swings can be 
mounted with a fixed mirror between them to 
form a three-piece vanity mirror. 
G5.1 Bathroom Equipment 
ROOM SURFACES 
Bathing Area. Shower and tub walls using c~ram­
ic tile or water-resistant plaster as a finish must 
have a water-resistant backing installed over the 
studs. In the past, this has consisted of metal lath 
or cement-asbestos board. A water-resistant 
gypsum wallboard is sometimes used. For new 
construction, a recommended base material is 1/z" 
exterior plywood nailed to the studs. This back-
ing should extend from the receptor or tub to the 
ceiling. 
Four types of finishes are commonly used: 
Ceramic tile is a quality surface material, avail-
able in a wide range of colors, finishes, and styles, 
in sizes ranging from 3/4 11 square to 41/4 11 square, as 
well as assorted shapes. It is applied with Port-
land cement mortar or ceramic tile adhesive to a 
water-resistant backing, and then grouted care-
fully at the joints. (Be sure to keep a few extra tiles 
for future repairs.) 
In the past, water-resistant plaster was a com-
mon finish, consisting of two coats of Portland 
cement plaster over a water-resistant base. It was 
finished with enamel paint or a water-resistant 
fabric attached with an adhesive. 
In one-piece plastics tubs and shower stalls, 
three walls are integral and waterproof, so a base 
material is not necessary. If fire-rated common 
walls are specified for apartments, a fire-rated 
backing material, such as Type X gyps urn drywall, 
should be installed to protect the studs when 
these units are installed in the common wall. 
A sectional wall, consisting of flat sheets andlor 
pre-formed wall sections and end pieces, usually 
of coated steel or plastics materials, can be used 
without a backing if the units can be joined into a 
water-tight assembly. 
Other Walls. Some builders use the 3/4 11 plywood 
base on all four walls up to wainscot height to pro-
vide a firm backing for grab bars at the toilet, 
towel bars, or any other item that is attached with 
wood screws. However, except for the backing for 
grab bars, the wall finish system used throughout 
the house can be used. 
Floor Surface. The floor should have a water-
resistant base, usually exterior plywood. A non-
slip rug or carpet will make the floor seem 
warmer. If small children use the room, one-piece 
vinyl sheet flooring may be more practical. 
=-
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Three-piece vanity mirror 
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SAFETY FEATURES 
Doors. An outswinging door provides better ac-
cess in case of an emergency occurring in the 
bathroom, since it cannot be blocked by an open 
drawer or someone slumped against it. However, 
it does interfere with hallway traffic unless it is 
protected by a wall. 
Although a door width of 2411 is an accepted 
minimum, a more desirable width is 32 11• A slid-
ing pocket door is convenient (when a hollow 
wall space is available) and offers no obstruction 
to passersby in a hallway. However, the available 
handles for sliding doors are awkward to operate, 
and the doors do not seal tightly. 
Bathroom doors should have a lock that is 
openable from the outside in case someone locks 
themselves inside and is unable to open the door. 
3/4" water-resistant 
plywood backing 
grab bar 
Grab b~ installation with water-resistant plywood backing 
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2 x 4backing 
forgrabbar 
A lever-type door handle is easier to use with ar-
thritic or wet hands. A hard rubber lever-shaped 
piece is available which slips over a standard door 
handle to convert existing hardware. 
Grab Bars. Grab bars are strongly recommended 
for all bath tubs and shower stalls. For both tub 
and shower stalls, a horizontal bar with a straight 
gripping surface at least 1511 long should be in-
stalled in the center of the back wall, 36" above the 
floor in a shower or 2011 above the bottom of the 
tub. In addition, there should be either a horizon-
tal bar with at least a 911 long gripping surface 
located in the center of the wall contaj.ning the 
water controls, or a vertical bar of the same length 
located near the place of entry to the tub or 
shower. 
The grab bar should be 3/4 11 to 11/2 11 in diameter 
a~d spaced at lea~t 11/2" from the wall. The larger 
diameters, especially with a textured gripping 
surface, are better for people who have difficulty 
in grasping. The bar should be able to support a 
load of 250 pounds (HUD Minimum Property 
Standards). This requires a firm backing, such as 
2 X 4 blocking nailed between the studs or 3/4 11 
exterior plywood anchored to the stud. The bars 
should not rotate more than Y16 of a tum. 
In the case of a plastic bathtub or shower unit 
with curved molded assemblies, a wood backing 
may be cemented to the back with waterproof 
adhesive at the fastening points. 
Other projecting hardware is not an adequate 
substit~te for a grab bar. For example, a recessed 
soap d1sh in the tub area is usually held in place 
only with plaster. A towel bar will not support 250 
pounds, nor will a shower curtain support a fall-
ing person who grasps the curtain. 
Hooks. Clothes hooks may be a hazard if they are 
installed below eye level. 
Water Temperature Limit. The hot-water supply 
can be equipped with an automatic device which 
limits the maximum temperature to between 105° 
a!ld 1 ~5°. This prevents scalding, and is espe-
Cially Important for children and those whose 
reaction time has slowed. The safest control is 
based on thermostatic action. 
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Lighting. Moderately bright, evenly distributed 
light is best for safety and utility. Good lighting 
for specific activities, such as shaving and apply-
ing cosmetics, is also important. In a small bath-
room, locating the light fixtures near the mirror 
will both provide light for personal grooming and 
reflected light for the rest of the room. The use of 
light colors and glossy finishes on room surfaces 
helps to spread the light. 
For personal grooming, the fixtures should 
be located in front of the person using the mirror, 
and be located vertically to provide light on all 
areas of the face, including under the chin. This 
can be done using small fixtures surrounding the 
mirror, fixtures on either side of the mirror, or a 
strip fixture above the mirror combined with a 
light-colored countertop to reflect light to the 
lower part of the face. Glare and harsh shadows 
can be prevented by limiting the bulb size and 
choosing fixtures with reflectors, diffusers, or 
frosted bulbs. Deluxe warm white fluorescent 
tubes most closely imitate incandescent light and 
deluxe cool white tubes imitate daylight. 
Larger bathrooms may require additional fix-
tures. Some alternatives are a central ceiling fix-
ture, a luminous ceiling (except over the shower 
or tub), or one or more wall fixtures. Any light 
over the shower or tub must be splashproof. It is 
easier to change bulbs in wall fixtures. Fluores-
cent fixtures may cost more than incandescent, 
but the longer bulb life and greater amount of 
light output per watt of electricity make them an 
economical choice. 
G5.1 Bathroom Equipment 
Outlets and Switches. Electrical outlets and 
switches should be at least 36" from the bathtub or 
shower. One or more duplex outlets should be in-
stalled near the lavatory counter. 
A night light (with individual control) should 
be near the main switch. When the bathroom 
door is open, it should provide enough light to 
find the doorway. This is most important when 
the door to the bathroom is near a stair. 
Ground Fault Interrupter. This electronic device 
is now required in new construction and is rec-
ommended for bathroom remodeling. If a short 
circuit develops, it will shut off the power so 
quickly that although a shock will be felt, it 
should not be fatal. It can be built into a duplex 
outlet or into the service entrance. 
Heating and Ventilation 
Infra-Red Lamp. As an addition to the regular 
heating system, an infra-red lamp located above 
the drying and dressing area provides an instant 
heat-radiation source that overcomes the cooling 
effect of moisture on the body. The lamp should 
be made of tempered glass to avoid shattering in 
case of contact with water. A timer-switch should 
be used to avoid extended operation of this lamp. 
Exhaust Fan. An exhaust fan that is separately 
controlled by a switch is required for bathrooms 
without windows and is recommended for all 
bathrooms. The fan should have an air-moving 
capacity of at least 8 air changes per hour (HUD 
Minimum Property Standards). The fan should 
vent to the outdoors, never just to an attic space. 
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Fans which vent to the outside can leak cold 
air in winter whenever a strong wind blows, even 
with back-draft dampers closed. A roof-mounted 
outlet is less subject to back-drafts. The ventila-
tion opening in the bathroom should be located 
so that any back-draft will not strike an occupant. 
A centrifugal fan should be used rather than a 
propeller type in order to overcome the resistance 
to air flow offered by the ducts. The centrifugal fan 
is also quieter. Avoid sharp elbows in the duct 
system. A maximum noise rating of 61/2 sones for 
bathroom fans is recommended. 
OTHER FEATURES 
Faucets. Faucets should be selected on the basis 
of ease of operation, durability of both finish and 
operating mechanism, and ease of cleaning. 
A relatively large movement of the faucet 
handle provides easier adjustment of water tem-
perature and flow rate. Round knobs require 
finger pressure to operate, which is difficult for 
some. Persons with arthritis in their hands and 
wrists prefer handles which can be operated by 
pressure of the palms or sides of their hands. The 
simplest to operate is the single lever which is 
moved side-to-side for temperature control and 
back-and-forth for flow rate control. Knobs which 
must be pulled or pushed are the most difficult. 
In selecting shower valves, note that some 
control water temperature only, and not flow rate. 
A separate valve at the shower head is necessary 
to promote water conservation. 
Lever-type handles 
Single-rever handle Gooseneck spout and lever handles 
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Hand-held spray head assembly Angle-stop valve 
Faucets are available for both lavatory and tub 
which are thermostatically controlled, allowing 
the user to set the temperature of water and it will 
be maintained regardless of pressure or supply 
temperature variations. These faucets may also 
have a safety stop so that they cannot be set hotter 
than 100°without first depressing a warning stop. 
Lavatory faucets can also be obtained with a 
spray head similar to a kitchen sink spray, which 
is useful for washing hair, etc. A faucet which 
projects the stream further out in the lavatory 
bowl makes hand-washing easier. A gooseneck 
spout may serve the same purpose. 
The finish on the faucet and trim may be quite 
thin and subject to corrosion or wear. This is par-
ticularly true for gold-colored fixtures. Chrome on 
brass is the most durable finish. Finely detailed 
decorative handles are hard to keep clean. 
Hand-held Spray and Vacuum Breaker. A hand-
held spray head on a flexible metal-covered hose 
can be attached to the shower pipe or to a special 
tub spout. It can be hung on a permanent bracket, 
on a sliding bracket on a support bar to allow 
adjustment for various heights, or be hand-held. 
It is particularly useful for rinsing the hair and 
cleaning the tub. 
Back siphonage of bath water could occur if 
the spray fell into the tub and there was a sudden 
reduction in water pressure. Contaminated water 
could be drawn into the pure water system. To 
prevent this, a vacuum breaker should be in-
stalled when the spray is used on either tub or 
lavatory. 
Angle-Stop Valves. These shut-off valves are 
recommended for water supply pipes to the lava-
tory and water closet. They are useful on showers 
and tubs only if they are accessible. They permit 
repairs to faucets without shutting down the 
entire water system. 
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Like people, solar water heating systems come in 
a variety of shapes and sizes. No one system out-
performs the rest under all conditions. If a deci-
sion is made to purchase a solar water heating 
system, there are several choices. This circular de-
scribes the basic components of a variety of solar 
water heating systems and how they are used to 
heat a home's water. 
SOLAR SYSTEMS 
Solar water heating systems have five basic parts: 
• A collector which absorbs the sun's heat and 
transfers it to a heat transfer medium (usually a 
liquid, sometimes air). 
• A storage device which retains the heat until 
there is a need for hot water. 
• A circulation system which controls the flow of 
heat from the collector to a storage system, from 
storage to the conventional water heater, and, 
ultimately, to points of hot water usage. 
• A safety system which alleviates dangers to 
humans and the system associated with high 
temperatures and pressure. 
• A freeze-protection system which prevents 
damage to the system due to freezing of 
liquid heat transfer fluids in the collectors and 
piping. 
In a typical system, (see schematic, above right) 
a fluid enters the collector array (1); is heated and 
returned to the storage area (2); where it is kept 
until needed at the tap, shower or appliance (3). If 
the stored water is not warm enough for direct 
use, additional heat is provided by the conven-
tional water heater. So long as the collectors re-
main warmer than the water in storage, the fluid 
continues to circulate, transferring heat from the 
collectors to storage. 
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Schematic solar water heating system shows collector 
(1), storage area (2), and the end use (3). 
Collectors 
Collectors have five basic parts, shown in the 
drawing below. Incoming solar radiation strikes 
the absorber surface (1) where it is converted to 
heat. The backing (2) for that surface conducts the 
heat away to a fluid (3) which in turn carries the 
heat to locations where hot water is stored or 
used. Two types of insulation, the collector cover 
(4) and back and side insulation (5), help prevent 
loss of the collected heat along its path to the 
fluid. 
Absorber Surfaces and Backings. Flat black (or 
other dark color) paint is a typical absorber sur-
face coating. Dark surfaces absorb solar radiation, 
but tend to lose the heat that has been absorbed 
by re-radiating it. "Selective coatings" such as 
black chrome and nickel black have equally high 
absorption but do not re-radiate as much heat. 
In most collectors, the high-absorption surface 
coating is applied to a material that conducts heat 
readily (usually copper, steel, or aluminum). Heat 
absorbed at the surface is conducted through the 
metal to a fluid flowing behind it or in tubes at-
tached to it at intervals. 
G) fluid-----------, 
CD absorber surface --------, 
G) collector cover -------, 
@ backing --------------' 
G) back and side insulation _______ __..... 
Composition of flat plate collectors 
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Collector Glazing Materials 
MATERIAL ADVANTAGES DISADVANTAGES 
Glass excellent solar transmission; no UV degradation; 
does not warp or buckle 
more costly; heavy; breaks easily 
Fiberglass- lightweight; do-it-yourself installation; break resistant yellows with age; may warp or wrinkle; 
some UV degradation reinforced Polyester (flat) 
Fiberglass-
reinforced Polyester 
(corrugated) 
strong ; lightweight; do-it-yourself installation; good solar 
transmission ; less expensive than glass 
may warp or wrinkle; some UV 
degradation; yellows with age 
Polycarbonate good solar transmission; very strong; lightweight; do-it-
yourself installation 
1 0% transmission loss over 20 
years; 30% loss of strength; expensive 
Acrylic high solar transmission; very strong 
Heat Transfer Fluid. The heat transfer fluid in 
some systems is a solution of water, antifreeze, 
and rust inhibitors in a closed loop, with a heat 
exchanger to the consumable water. Other sys-
tems are designed to use the consumable water it-
self in an open loop. A few systems, generally 
ones that combine space heating and water heat-
ing, use air as the transfer fluid. 
Collector Covers. Clear collector covers (or glaz-
ings) are located on the side of the collector facing 
the sun. They allow solar radiation to enter the 
collector and strike the absorber surface, but pre-
vent the longer-wave heat radiation produced 
from escaping. Materials used for this purpose are 
glass (low-iron varieties work best) and some 
types of plastics (acrylic outlasts other plastics). 
For water heating systems in all but the warm-
est. parts of the United States, it is advisable to use 
double glazing rather than single as the collector 
cover. This minimizes heat loss when a large tem-
perature difference exists between the absorber 
surface and the outdoor air. 
Back and Side Insulation. Back and side insula-
tion lines the collector frame to prevent loss of the 
collected heat. Foil-faced foam-board insulation 
(polyurethane or polyisocyanurate) is generally 
used for side insulation. These materials or fiber-
glass batts are used for back insulation, which is 
enclosed between the absorber and the frame. 
The flat plate collector has channels or tubes that car-
ry the fluid to be heated. 
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scratches easily; can be permanently 
deformed 
Frames for commercially-made collectors are 
generally aluminum or coated steel. For home-
built collectors, pressure-treated lumber or heart-
wood cedar may also be used, but wood loses 
strength when exposed to high temperatures. 
Collector Types. Collector types used in solar wa-
ter heating systems are illustrated. The flat plate 
collector, which is the most common, is so named 
because the absorber surface forms a flat plate, 
with channels or tubes carrying the fluid to be 
heated. The plate area between tubes increases the 
absorber area serving each fluid channel. 
The breadbox water heater combines the collector 
and storage components of the system into one. It 
consists of a water tank, to which an absorbent 
coating has been applied, laid horizontally in an 
insulated box with a glazed cover. 
Evacuated tube collectors employ a different ap-
proach. The absorber and fluid channel are com-
bined in the form of a metal tube with an absor-
bent coating applied to it. The tube is surrounded 
by two glass cylinders, one nested inside the oth-
er, and the space between them evacuated of air. 
The vacuum greatly reduces heat loss from the 
glass cylinders, so it forms an "invisible insula-
tion." In addition, a reflective surface on the un-
derside of the glass tube reflects and focuses the 
sun's energy on the metal tube, effectively increas-
ing the absorber area. 
Evacuated tube collectors use a metal tube surround-
ed by a glass cylinder. 
Page3 
The breadbox water heater consists of a water tank 
laid horizontally in an insulated box. 
Parabolic collectors use a shaped reflective sur-
face to concentrate the heat from the sun on a col-
lector tube running the length of the collector. 
Because the solar energy is concentrated, the heat 
transfer fluid can become much hotter than in 
flat-plate collectors. Parabolic systems usually use 
an antifreeze system and a heat exchanger in a 
tank, which can supply domestic hot water or 
heated water to a coil in the ductwork for space 
heating. 
Parabolic collectors are often connected to a 
tracking device, which follows the movement of 
If a conventional water heater is already in place, a 
"solar storage tank 11 (a tank without a heating ele-
ment), -can be connected in series with a water heater. 
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Parabolic collectors concentrate the sun's rays. Often 
used with tracking devices, the collectors move with 
the sun. 
the sun to collect the maximum amount of energy 
through the day. The tracking device is controlled 
electronically, and a motorized linkage keeps the 
collectors constantly turned toward the sun. The 
electronic systems can fail, and the mechanical 
linkage can be damaged by corrosion and icing 
conditions. Maintenance and repairs to the track-
ing collectors may be more frequent than with 
systems using fixed collectors. It is important to 
buy such a system from a reliable, established 
firm so that maintenance service will be available 
in the future. 
A thermosiphon system requires a tank at least one 
foot higher than the top of the collector. 
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Storage Systems 
Storage is needed to keep hot water on hand until 
it is needed. For all but the breadbox system, this 
takes the form of one or two well-insulated water 
tanks, with a capacity of approximately 1.25 to 2 
gallons per square foot of collector face. Since it is 
uneconomical to install a solar-heated system 
large enough to provide 100% of the hot water 
during periods of cloudiness or unusually high 
demand for hot water, a conventional or an in-
stantaneous water heater must also be included in 
the system. 
Water Tank Storage. Research has shown that 
systems using one large storage tank operate 
more efficiently than those with two smaller 
tanks. However, if one small tank (e.g. a conven-
tional water heater) is already in place, the plum-
ber can connect a "solar storage" tank (without a 
heating element) in series with the existing water 
heater. 
In this case, cold water enters the bottom of the 
solar storage tank and is heated as it circulates 
through the collector array or to a heat exchanger 
containing heated fluid from the collectors. As hot 
water is called for in the household, water is 
drawn from the tank of the conventional water 
heater. This, in turn, is replaced by water from the 
top of the "solar storage" tank, which is replen-
ished from the cold water supply. If the water 
transferred from solar storage to the conventional 
water heater is not warm enough to satisfy the 
thermostat setting (usually 120-140°F), the con-
ventional heating element (gas burner, oil burner, 
electric coil, etc.) switches on and raises the water 
to the desired temperature. 
Rock Storage Systems. In the case of an air collec-
tor system, the water tank is set into a bed of 
rocks, through which hot air from the collector 
flows. These are larger than liquid -based systems 
because the materials used to store heat in an air 
system have a much lower heat capacity per unit 
volume than does water. Also, the heat transfer 
from air to rock tp water is less efficient than the 
heat transfer from collector fluid to water. On the 
other hand, air systems are less vulnerable to 
leakage, freezing, and corrosion problems. 
In systems using one large tank, cold water en-
ters at the bottom, is heated by passing through 
the collector or over a heat exchanger carrying 
fluid from the collector, and rises to the top of the 
tank. As hot water is used in the household, it is 
drawn from the top of the tank, and the tank is re-
plenished by the cold supply at the bottom. An 
auxiliary heating coil is installed at the top of the 
tank to boost the water temperature if it is not 
warm enough for use. 
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Drainback systems provide freeze protection. In the 
above figure, when the sun is shining, water circu-
lates through the collector, is heated, and returns to 
the solar storage water heater. 
DRAINBACK SYSTEMS 
collector 
NO SUN 
When collector temperatures drop below tank temper-
ature, the circulating pump shuts off and a valve 
opens, draining exterior liquids into a holding tank. 
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~back flow preventer NO SUN ~back flow preventer 
to house to house 
controller controller 
cold water cold water 
ON OFF 
DRAINOUT SYSTEMS 
A pumped system compares the temperatures at the collector and in the tank. When the sun shines on the collector, 
raising the temperature, the controller turns the pump on. On cloudy days the pump does not tum on. When the tem-
perature in the collector drops below 40°F, the collector system drains. 
Circulation System 
The circulation system connects the collector ar-
ray and storage in all but the breadbox model, 
where the two are combined. The simplest circu-
lation system consists only of insulated pipes. The 
heat-transfer fluid circulates due to its own buoy-
ancy when heated. This thermosiphon system re-
quires that the bottom of the storage tank be locat-
ed at least one foot above the top of the collector 
and that a back-flow preventer be installed to pre-
vent reverse thermosiphoning when the collector 
is cold. Thermosiphoning is an efficient means of 
transferring heat from collector to storage. Its 
main disadvantage is that, if the collectors are 
mounted on the roof, the water tanks may be too 
heavy to be installed there or in attics. 
Alternatively, fluid can be moved through the 
circulation system with pumps. The use of pumps 
allows the storage tank to be located below the 
collectors. A pump controller which compares the 
temperatures of the collector and the bottom of 
the storage tank is needed. When the collector is 
l0°F warmer than the storage tank, the controller 
turns the pump on. When the temperature of the 
fluid leaving the collector falls below the tank 
temperature, the controller switches the pump 
off. 
In systems using anything other than potable 
water as the heat transfer fluid, a heat exchanger 
is also part of the distribution system. A heat ex-
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changer can be located inside the storage tank; it 
can surround the storage tank inside its insulated 
covering; or can be within an expansion or other 
holding tank. 
The optimal flow rate of the heat transfer fluid 
through the collector is specified by manufactur-
ers. Recommended rates fall within the range of 
0.02 to 0.03 gallons per minute per square foot of 
collector area. 
Freeze Protection 
A freeze protection system is essential for solar 
water heating systems in virtually every part of 
North America. Even areas such as Florida en-
counter occasional freezing conditions. Freeze 
damage to collectors and plumbing is usually dif-
ficult and expensive to repair. It can occur at air 
temperatures as high as 40°F due to the additional 
cooling effect of radiant heat loss. 
The simplest approach to freeze protection is to 
use the system only during warm seasons. This 
involves draining all parts exposed to outdoor 
temperatures before the first frost and refilling the 
system after the last frost of the year. This ap-
proach is more reliable and less expensive than 
more complex methods of freeze protection. In 
most parts of the United States, warm season sys-
tems produce almost as much heat during the 
warm season as year-round systems produce an-
nually. This occurs for several reasons. 
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expansion tank 
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expansion tank 
ANTIFREEZE SYSTEMS 
When the sun is shining, pumps move both the antifreeze solution and the water through the system in their 
respective circuits. When there is insufficient sunlight for heating, the system is shut down and neither pump cycles. 
The intensity of solar radiation drops off 
substantially in winter due to more frequent 
cloud cover, so there is less energy available to be 
collected. Also, collectors operate less efficiently 
in winter because the greater temperature differ-
ence between the collector plate and the outdoor 
air causes large losses of collected heat back to 
the atmosphere. Furthermore, freeze protection 
systems involving heat exchangers reduce the 
system efficiency by an additional 3 to 4 percent. 
Drainback System. A second type of freeze pro-
tection system drains the exterior portions of the 
water heating system whenever it is not actively 
collecting heat. This is a drainback freeze protection 
system. When the temperature of the collector 
falls below that of the storage tank, the controller 
switches off the circulating pump. At the same 
time, it signals a valve to open and drain the fluid 
from the exterior parts (even if the air tempera-
ture is well above freezing) to the indoor storage 
tank or a separate holding tank. Such a system 
would drain every night and during cloudy peri-
ods. Most systems of this sort drain by gravity, so 
the collectors must be designed for self-draining, 
and all piping from collector to tank must be 
sloped to drain freely into the tank. When the col-
lector again reaches a useful temperature, the 
pump refills the exterior parts of the system 
while a bleed valve clears it of air. 
Drainout System. Another drainage-based freeze 
protection system is the drain-out arrangement, 
in which exterior parts of the system drain when-
ever their temperature approaches the freezing 
point. The fluid drains onto the ground or into a 
sewer, and the collector is refilled with fresh 
water when its temperature again rises above the 
freeze-danger range. Drainout systems are con-
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sidered less reliable than drainback systems. Be-
cause their drain valve is operated less often, 
malfunction is less likely to be detected. Since 
they are designed only to open under critical con-
ditions, any malfunctions which do occur are 
more likely to be serious. Like the drainback sys-
tems, drainout arrangements must include collec-
tors designed for self-draining, plumbing appro-
priately sloped to the drainage point, and a bleed 
valve to allow refilling. In addition, in both of 
these types of systems the frequent change of cy-
cle (collection cycle to drain cycle) can lead to 
more frequent maintenance and repair. 
Antifreeze System. A fourth means of providing 
freeze protection is to replace water as the heat 
transfer fluid with an antifreeze solution. In order 
to isolate the antifreeze from the potable water 
supply, a separate, closed loop is created which 
circulates the antifreeze solution between the col-
lector array and the heat exchanger. There, the col-
lected heat is transferred from the antifreeze solu-
tion to the potable water. If a toxic antifreeze 
solution is used, a double-walled heat exchanger 
is required as a protective measure against possi-
ble leakage of antifreeze solutions. The local 
plumbing code should be consulted whenever an 
antifreeze-loop, or indirect collection system, is 
being considered. 
Indirect collection systems require an additional 
pump if the heat exchanger is separate from the 
storage tank. Thus, any non-thermosiphon system 
operating with an antifreeze loop and a "free 
standing" heat exchanger would have two pumps. 
Most antifreeze systems require periodic 
monitoring of the antifreeze concentration and 
the pH level. Gradual loss of antifreeze due to 
leakage, evaporation, or absorption can leave the 
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system vulnerable to freezing. If allowed to stag-
nate (heat up without circulating the heat transfer 
fluid), many antifreeze compounds become acidic 
and can corrode collectors and plumbing. 
Reverse Heating System. Yet another freeze pro-
tection alternative is to circulate hot water from 
the storage tank through the collector whenever 
the collector temperature drops near the freezing 
point. Clearly this mode of operation is not desir-
able for extended periods, as the storage is heat-
ing the collector rather than vice versa and the 
heat is lost. It is only recommended for use in cli-
mates where freezing conditions are quite rare. 
Safety System 
The safety system in solar water heating installa-
tions is intended to prevent damage due to pres-
sure buildup, overheating, and abrupt tempera-
ture change. A pressure-temperature relief valve 
(PRV) should be located at the highest point on 
each plumbing loop containing a heat source. 
Conventional water heaters have PRY's attached 
as a standard feature. A solar storage tank should 
also be equipped with a PRV. 
In systems using potable water as the heat 
transfer fluid, valves are usually installed so that 
the collector array can be isolated (for repair, etc.) 
from the storage and distribution system. In this 
case, a PRV should be installed in-line near the 
collector array outlet. In installations usi~g a 
closed, antifreeze loop for freeze protection, a 
PRV is essential in the antifreeze loop, as well as 
on storage tanks. An expansion tank is provided 
in the antifreeze loop so that the antifreeze solu-
tion can expand as it is heated without activating 
the PRV, unless critical pressures are reached. 
Care should be taken that each PRV is set to open 
at a pressure below the critical level for the com-
ponent or loop it serves. 
A second safety hazard is overheating of the 
stored water to a temperature dangerous to hu-
mans and damaging to appliances. A thermostat-
ic mixing valve installed at the point of connec-
tion with the household hot water system will 
protect against overheated water. Another solu-
tion is to supply a high limit thermostat which 
switches off the pump circulating fluid to the col-
lectors if the storage temperature exceeds 140°F. 
Since such a pump shut-down would occur dur-
ing periods of high solar radiation, collectors 
should be provided with a venting mechanism or 
an emergency heat sink to prevent damage due to 
overheating during shut-down conditions. 
System Efficiency 
All components chosen for a given system must 
be compatible in material, size, fittings and 
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function. Some manufacturers market packaged 
systems which include collector and storage 
along with the appropriate distribution lines, 
controls, safety and antifreeze subsystems. Other 
manufacturers make only components, and it is 
up to the solar equipment distributor, installer, or 
consumer to choose the proper combination of 
parts. 
Materials compatibility is essential to control-
ling corrosion, which can cause leaks, clogging, 
loss of efficiency, and potentially dangerous pres-
sure build-up. To the extent possible, the same 
metal should be used throughout the path of the 
heat transfer fluid. If this is not possible, a dielec-
tric union should be used where two dissimilar 
metals meet in order to prevent galvanic corro-
sion. Compatibility between the metal used for 
heat transfer fluid channels and the fluid itself 
should be checked. Corrosion inhibitors are often 
added to the heat transfer fluid used in collectors 
having steel or aluminum tubing. 
For maximum system efficiency, the size of the 
collector array, heat exchanger, and storage tank 
must be properly matched. The proper propor-
tions depend on the efficiencies of the particular 
collector and heat exchanger being used. If im-
properly matched, the stored water may not heat 
up enough to be used without auxiliary heating 
or, at the other extreme, may be heated more 
than necessary, causing inefficient operation of 
the collectors and potential scalding hazards to 
users of the hot water. For most systems using 
flat plate collectors, an appropriate proportioning 
of storage volume to collector area is 1.25 to 2 gal-
lons of storage per square foot of collector face. 
Compatibility of connections and pipe sizes 
must also be checked, although it is often possi-
ble to correct problems in this area by the addi-
tion of conversion fittings. In thermosiphon sys-
tems, fluid flow is hampered if pipes or 
connections anywhere in the system are smaller 
in diameter than the collector tubing. 
Summary 
This circular is meant to be an introduction to the 
basic types of solar water heating systems that 
are in use today. Before purchasing or installing a 
solar water heating system, it is recommended 
that the consumer consult with reputable solar 
equipment distributors, installers, and owners 
about systems availability. Another very impor-
tant step in the selection is to make sure you 
check local service and support for these systems. 
For additional information on sun angles and col-
lector placement in various parts of the country, 
you may wish to review Council Notes C 3.2, So-
lar Orientation. 
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Summer Comfort 
You can save money on 
cooling your home by using 
low-cost strategies to stay 
cool. This circular describes 
shading techniques, insula-
tion strategies, and ventila-
tion remedies that can keep 
you comfortable in summer. 
Shading of south windows at 39 • 
latitude (Colorado Springs, CO; 
Kansas City, MO; Cincinnati, OH, 
Washington, D. C.) 
2 
STAYING COOL 
A comfortable home during the hot 
summer months is essential for the 
enjoyment of work, relaxation, and sleep. 
People generally feel the most comfort-
able with temperatures of 75 'F. to 80'F. 
and relative humidities of less than 60 
percent. 
Under summer conditions, a house 
can become a "heat trap." Like an auto-
mobile which is closed but exposed to 
the summer sun, the house absorbs heat 
through windows, doors, walls, and roof. 
Heat from occupants, appliances, elec-
tric lights, and bath water also adds to 
this heat load. This accumulated heat re-
sults in indoor temperatures which can 
be uncomfortable for occupants long 
after the sun has set and the outdoor tem-
perature has dropped. 
Keeping the heat out of the house is 
the most important step toward achiev-
ing summer comfort. If the sun's rays 
can be kept off the walls, glass areas, and 
the roof, and if the hot outdoor air can be 
kept from penetrating the house, the in-
door temperature can be more easily con-
trolled. Comfort is dependent upon the 
ability to control the rate of temperature 
rise in the house during the day. An unin-
sulated building, such as a tin shed, may 
have a temperature rise of 5°F. or more 
per hour, while a well-insulated house 
has been shown to have a temperature 
rise as low as 3 I 4 'F. per hour. If the 
house can be cooled to 68'F. at night, and 
has a 3 I 4 'F. tern perature rise per hour 
from 6 a.m. to 6 p.m., the indoor tempera-
ture will be only 77'F., which falls JtVi_thin 
the comfort range. 
If heat does get into the house, the 
problem of summer comfort becomes 
one of: 
.A. Removing the hot air through ventilation 
when the outdoor air is relatively cool; or 
.A. Reducing the indoor temperature by using 
a mechanical cooling system (air condi-
tioner), which can also reduce the amount 
of moisture in the air; or 
.A. Reducing indoor temperature using an 
evaporative cooler. This is effective only in 
areas of low relative humidity, and does 
raise the humidity in the house. 
This publication describes a number 
of design and construction features 
which are helpful in reducing the 
amount of outdoor heat entering the 
house, and devices and techniques for 
cooling which require less energy than 
air conditioning. 
SOLAR ORIENTATION 
Houses can be designed to exclude the 
sun from the house during the hottest 
months of the summer. Orient the house 
correctly and provide overhangs to 
shade the walls and windows. In the 
winter, of course, sunshine can help re-
duce heating requirements. Buildings 
that are oriented correctly can meet both 
summer and winter needs. See Council 
Note C3.2, Solar Orientation, for an ex-
tended discussion. 
From the standpoint of summer com-
fort, the major walls and glass areas 
should be on the south, where they can 
be protected from the sun, or on the 
north, where the effects of the sun are 
negligible. The wall and glass areas on 
the east and west should be kept to a 
minimum, because these walls are 
harder to protect due to the low angle of 
the sun in the early morning and late af-
ternoon. Heat gains through windows 
are many times larger than through brick 
and frame walls; therefore, it is particu-
larly important to shade glass areas. 
SUN CONTROLS 
The sun protection necessary for the dif-
ferent walls of the house depends on the 
angle of the sun's rays in the summer. If 
not protected from the sun, the tempera-
ture of the outside wall surface may 
reach 135 'F. When shaded, the surface 
temperature is only slightly higher than 
that of the outdoor air. Various kinds of 
controls can be used to reduce the 
amount of sunlight falling on the walls . 
Since the sun shines on the south side of 
the house most of the day, the use of 
shading devices to protect the southern 
exposure is desirable. Roof overhangs or 
other permanent projections over win-
dows and sliding glass doors are particu-
larly effective on the south wall. East and 
west walls cannot be protected from the 
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Fences can provide both privacy 
and sunshade to east and west 
windows and doors. 
Extended end walls, vertical fins, and overhangs 
at all levels can provide appropriate shading for 
south-facing windows. 
direct rays of the sun by overhangs be-
cause of the low sun angle in the morn-
ing and evening. 
Overhangs (extensions of the roof) are 
simple to incorporate into the house de-
sign. The recommended overhang for lat-
itudes from 30° to 50° is as indicated in 
the drawing on page 2. To prevent the 
rays of the early morning or late after-
noon sun from passing under the edge of 
the roof overhang, the east-west walls 
may be extended beyond the south wall 
as far as the overhang. 
Tall Plantings 
Trees are particularly good as shade for 
east and west walls and the roof. When 
planting, consider the ultimate height 
and size of trees, and study the desired 
shade patterns. Use deciduous trees, 
which lose their leaves and allow the sun 
to reach the house during the winter. For 
help on where to place tall plantings, see 
Council Note B3.1, Landscaping for Energy 
Conservation. 
Freestanding Vertical Sunshades 
Walls or fences are excellent protection 
against low sun on east or west walls. 
However, they are seldom high enough 
to shade walls during the middle of the 
day. For additional shading, they may be 
used with tall plantings. Open or lou-
vered fences do not block summer 
breezes. 
Exterior Louvers, Shades, and Blinds 
When louvers, rattan shades, or Vene-
tian blinds with a slat angle of 45 degrees 
are used on the outside of the house, 
they reduce the heat gain from the sun 
by 70 percent. These shading devices are 
only 40 percent effective when used on 
the inside of the house. Because louvers 
or blinds change the appearance of the 
house, they should be designed to com-
plement the exterior styling. 
Awnings 
Canvas awnings reduce solar heat gain 
65 to 75 percent. Awnings can be effec-
tive on east, south, and west windows 
during most of the day. If awnings are 
permanent, they will block the winter 
sun. The best awnings are those that can 
be removed or rolled up at the end of the 
summer. 
Reflective Films 
Semi-transparent reflective films can be 
installed on the inside surface of win-
dows to reflect part of the solar radia-
tion. They cannot be readily removed to 
permit sunlight to enter during the win-
ter, but may be quite effective on east 
and west windows in reducing solar heat 
gain and glare. Windows must be 
washed with care, as the film is easily 
scratched. 
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Polished aluminum foil placed against 
the inside surface of windows will al-
most completely reflect the sun's heat. 
However, the foil will block the sunlight 
completely, so the windows no longer 
provide room lighting. 
Light Colors 
Light-colored surfaces reflect solar heat 
better than dark surfaces. For example, 
white stone chips placed on the ground 
directly in front of south- or west-facing 
glass areas can counteract the effect of 
solar controls by reflecting solar rays into 
the windows. On the other hand, a green 
lawn reflects little of the sun's rays. 
The use of light-colored shingles can 
reduce heat gain through the roof by 10 
to 20 percent. However, even this solar 
heat gain can be controlled by adequate 
ventilation of the attic and adequate ceil-
ing insulation. Because of the difficulties 
in properly venting and insulating a flat 
deck or built-up roof, the use of light-col-
ored rock chips or gravel on top of the 
black roof is recommended. 
HEAT FLOW IN THE STRUCTURE 
The types of building materials used in 
the house are also a factor in the amount 
of heat which penetrates the walls or ceil-
ings. In general, constructions which are 
massive or heavily insulated are slower 
to heat and slower to cool. This applies 
to masonry walls, heavy roof decks, and 
extra-thick insulation. 
Sometimes heat accumulates in the 
building materials during the day. The 
heat is released to the inside of the house 
in the evening. This heat release keeps 
the house from cooling down. 
Homes can be designed to reduce the 
maximum flow of heat. Extra insulation 
or thick masonry walls make it possible 
to use a smaller cooling unit. The lower 
energy requirements for a smaller cool-
ing unit outweigh the disadvantage of 
having some heat released to the house 
in the late evening. In general, massive 
or heavily insulated walls and ceilings re-
duce the peak cooling load and extend it 
later into the evening. 
Adding Insulation 
Insulation, in addition to reducing heat 
loss in the winter, is an important aid to 
summer comfort. It slows the flow of 
heat from the outdoors into the house, 
helping to maintain lower temperatures 
during the day. For example, for each 
1000 square feet of ceiling area, the addi-
tion of R-19 insulation (about 6 inches 
deep) to an uninsulated ceiling will re-
duce the summer heat gain about 26,000 
Btu's per hour. This is equivalent to a re-
duction in the required cooling capacity 
of a central air conditioner of more than 
2 tons. 
From the standpoint of summer com-
fort, the ceiling is the most important 
area to insulate. Second in importance 
are the exterior walls exposed to the sun. 
In areas north of 35 degree latitude, the 
amount of insulation adequate for winter 
heating will suffice for summer comfort 
also. In areas south of 35 degree latitude, 
R-19 ceiling insulation is recommended. 
Full-thickness insulation in the east and 
west walls will be especially helpful. 
The difference in comfort is illustrated 
by the two examples shown for attic/ ceil-
ing construction. When an uninsulated 
ceiling is exposed to a hot attic, the ceil-
ing tern perature can go as high as 100 'F. 
in the late afternoon. When a ceiling is 
heated to this temperature, it transfers 
about the same amount of heat as that 
given off by a so-called "radiant ceiling 
panel" heating system in the winter. If R-
19 ceiling insulation is added under the 
same conditions, the maximum ceiling 
surface temperature is reduced to about 
80 'F., only 2 OF. warmer than the room-air 
temperature. Also, the maximum temper-
ature is delayed more than an hour, so 
the maximum heat gain through the ceil-
ing does not coincide with the peak cool-
ing load from the windows. 
Reducing Attic Temperatures 
The accumulation of heat in the ceiling 
insulation can be reduced by ventilating 
the space between the roof and the insu-
lation. The methods of ventilation in-
clude: 
.A. Air movement due to convection (effective 
only on sloped roofs); 
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Ridge vents are an efficient way of 
providing attic ventilation when 
combined with soffit vents. 
Mushroom roof vents can be used in 
combination with soffit vents when 
ridge vents are not practical or 
desired. 
.A. Air movement due to wind pressure (as in 
areas of steady winds); 
.A. Mechanical ventilation using attic fans 
and/ or roof ventilators. 
The Federal Housing Administration 
requires a minimum net free area of attic 
vents equal to 1/150 of the ceiling area if 
there is no vapor barrier in the ceiling 
and 1/300 of the ceiling area if there is a 
vapor barrier present. For a ceiling or 
attic floor area of 1000 square feet, this 
corresponds to net free areas of 6.67 and 
3.33 square feet respectively. Half should 
be low or soffit vents and half high or 
ridge vents. Ways to ventilate the space 
between the roof and ceiling vary with 
roof types. 
In gable roofs, a screened soffit vent 
should be installed on the underside of 
the roof overhang. The vent should ex-
tend the entire length of the overhang. Be 
sure that the attic insulation does notre-
strict the flow of outdoor air through the 
attic. The most effective outlet for heated 
air is a ridge vent, which should be de-
signed to prevent the entry of insects, 
birds, rain, and blowing snow. Gable-end 
vents and high roof vents may be used if 
a ridge vent is not practical. 
In hip roofs, continuous soffit vents are 
necessary. The ridge vent may need to be 
supplemented or replaced by louvered 
dormers or roof vents. 
For flat and shed roofs, continuous 
screened vents at the ends of the joists 
are recommended. A continuous air 
space between the insulation and the 
roof deck must be provided. 
With plank roofs, it is impossible to pro-
vide roof ventilation since the structural 
deck of the roof is exposed to serve as 
the ceiling of the room below. Over this 
structutal deck, which is usually made 
from 2-inch tongue-and-groove lumber, 
a rigid insulation board (often inadequate 
in insulating value) is applied, and then 
covered with built-up roofing. Such roofs 
can be cooled by a water spray on the 
roof. A roof surface temperature of 140"F. 
can be reduced to 100"F. this way. Al-
though roof ponds also reduce surface 
temperature, they require special con-
struction and maintenance to prevent 
water leakage, algae growth, and mos-
quito-breeding conditions. 
VENTILATION OF ROOMS 
Ventilation of rooms is desirable when-
ever odor from cooking, smoking, dirty 
laundry, or animals becomes noticeable. 
Lack of air motion can produce a feeling 
of "stuffiness." Also, excessive heat can 
be released in one area, such as the 
kitchen or bath. 
Natural ventilation can be provided 
by operable windows, especially those 
that are placed to take advantage of pre-
vailing breezes. The most effective air 
movement is when the ventilation open-
ings are on opposite walls, and the air 
flows across the room within the height 
of human occupancy. In localities with 
constant winds, such as Hawaii, well-
placed jalousie windows can provide ac-
ceptable indoor conditions without the 
use of air conditioning. High relative hu-
midity can be partly offset by the cooling 
action of the air movement through the 
rooms. 
Exhaust fans can help remove heat 
and moisture from the bathroom and 
kitchen. 
Night-Air Cooling With Fans 
A house which is ventilated only by 
open windows, louvered openings, and 
doors on a calm summer night will not 
cool rapidly. With lack of air circulation, 
the house temperature may be higher 
than the outdoor temperature. By operat-
ing either attic or window fans through-
out the night, large quantities of cooler 
night air can be circulated through the 
house, lowering the indoor air tempera-
ture quickly. If the windows are closed 
early in the morning, with only enough 
openings for ordinary ventilation, the 
house can begin a hot day at a much 
lower temperature than if the house was 
still overheated from the previous day. 
Night-air cooling can reduce the in-
door temperature to within a few de-
grees above the outdoor temperature. 
The temperature will usually be coolest 
just before sunrise. A thermostatic con- . 
trol on the fan will prevent overcooling if 
the outdoor temperature drops suddenly. 
Night-air cooling has some disadvan-
tages, however. Dust and pollen are 
likely to be brought into the house. If 
nighttime humidity is high, considerable 
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Night-air cooling can be made more 
efficient by using a fan to exhaust 
air from the house through the attic. 
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moisture will be brought into the house. 
If building security is a problem, it may 
not be a good idea to open ground floor 
windows all the way. Limit the window 
opening to about 6 inches, and use secu-
rity hardware or dowels placed vertically 
between the bottom sash and the win-
dow top. 
Attic Fans 
The size of the attic fan needed for night-
air cooling depends on the volume of the 
house and the number of air changes de-
sired. Where the night-air temperatures 
do not drop much below 75"F., a large 
amount of air must be circulated. In the 
Gulf Coast area, one air change per min-
ute is recommended; in cooler regions, 
one air change each two minutes is sug-
gested. 
Approximate capacities of attic fans 
for various floor areas (assuming a stan-
dard 8-foot ceiling height) are listed in Table 
1. Use this table to select the right size 
fan. Manufacturers' catalogs usually give 
the fan capacity and installation instruc-
tions. 
Table 1 
Recommended Fan Capacity 
Floor area For regions For regions 
of house with cool with warm 
(sq.ft.) nights (cfm) nights (cfm) 
800 3000 6500 
1000 4000 8000 
1200 5000 9500 
1400 5500 11000 
1600 6500 13000 
1800 7000 14500 
Capacities are for so-called "free air 
delivery." If the fan has louvers, screens, 
and ducts, the actual air delivery will be 
less than the "free air delivery." 
In general, large, low-speed fans are 
quieter than small-diameter, high-speed 
units. 
Window Fans 
While a window fan is easier to install, 
it is limited in the area that it can cool. It 
is also likely to be noisier than an attic 
fan. 
If installed in a hallway window, a fan 
can serve more than one room. If the fan 
is placed in a room window, the doors to 
that room will have to be left open, and 
all windows adjacent to the one in which 
the fan is installed must be kept closed to 
prevent "short circuiting" of the air. 
Room-Air Fans 
Ceiling and floor fans are a low-cost ap-
proach to comfort cooling. In this case, 
no outdoor air is brought into the room. 
The occupants feel cooler because air is 
circulating around them. The fans also 
mix the cooler air from near the floor 
with the warmer air at body level. A 
person's body heat is transferred to the 
room air, and the body is cooled by the 
evaporation of perspiration. This is a 
milder summer version of the "wind-
chill effect" that can be so uncomfortable 
in the winter. 
CENTRAL AIR CONDITIONING SYSTEMS 
Where the desired comfort level cannot 
be obtained solely by house design and 
ventilation, the use of a mechanical air 
conditioning system is suggested. Insula-
tion, attic ventilation, and shading of the 
glass and wall areas are, of course, neces-
sary for the efficient and economical op-
eration of any cooling system. With 
night-air cooling it may be possible tore-
duce the number of hours that the air 
conditioning system operates during the 
day. 
ROOM AIR CONDITIONERS 
Window and through-the-wall air condi-
tioning units can be used to cool small 
sections of a house. In many cases, this 
approach takes less energy than using a 
central air conditioner. Only the area of 
the house being occupied needs to be 
cooled. On the down side, these units are 
often noisier than central systems. 
An extended discussion of both cen-
tral and room air conditioning units is 
contained in Circular G6.1, Cooling Sys-
tems for the Home. 
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Evaporative coolers can be effective 
in areas of low relative humidity. 
Air is taken in through the unit, 
cooled by passing it through a 
water-soaked pad, and allowed to 
escape from the house through open 
windows or through louver~d open-
ings into the attic. 
EVAPORATIVE COOLERS 
Evaporative coolers are designed to use 
nature's system of cooling air by evapora-
tion. When evaporation takes place, the 
temperature of the air drops. 
The temperature of both the air pass-
ing through the unit and the water being 
evaporated tend to approach the wet-bulb 
temperature of the outdoor air, which var-
ies with the relative humidity. The in-
door air temperature is reduced, but at 
the expense of an increase in relative hu-
midity. 
Since the outdoor air must be rela-
tively dry, evaporative cooling is effec-
tive only in hot, dry areas such as the 
southwestern part of the United States. It 
is not recommended for areas of high hu-
midity. 
A typical evaporative cooler consists 
of a cabinet containing a filter pad and a 
fan. The fan draws outdoor air through 
the filter pad, which is kept moist with 
water. Through evaporation of this 
water, the air in the cabinet is cooled. The 
cooling effect is enhanced from the air 
motion resulting from the circulation of a 
large volume of air through the rooms. 
Means are provided to circulate the 
water to keep the pad moist and to re-
plenish the water which is evaporated. 
The discharged air is allowed to escape 
through partly opened windows at the 
far end of the house. 
Room air is not recirculated because a 
large increase in relative humidity will re-
sult. The cost of operation is low be-
cause the fan motor requires only a frac-
tion of the power needed for the motors 
of a central air conditioning system 
using mechanical refrigeration equip-
ment. 
COOUNG MOBILE HOMES 
Many mobile homes are net shaded by 
trees and shrubbery which can reduce 
heat gain from the sun in the summer. 
Furthermore, their roof construction 
does not provide for a ventilated attic 
space, so that the ceiling can become a ra-
diant heating panel during the summer. 
A number of suggestions are made that 
may be helpful in the special case of the 
mobile home, although they do have 
some application to conventional houses. 
Orientation 
The best orientation for a long, rectangu-
lar building is to have the long side run-
ning east and west, so the largest wall 
areas face the north and south. If the win-
dow areas on the long walls are not the 
same, it is best to have the largest win-
dow area facing south. 
In order to reduce summer solar gain 
through the windows, a roof overhang, 
window overhangs, or awnings can be 
arranged to keep the summer sun out 
but let the winter sun in. 
Roof Shading 
Some effective roof-shading arrange-
ments have been used in warmer areas 
of the country. A common desert system 
uses a pole-frame structure with a low-
slope roof to form a sunshade for the mo-
bile home plus a covered patio on one 
side and a covered carport on the other. 
The ends of the structure are left open so 
that heated air is not trapped. A varia-
tion on this system uses a wood-frame 
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Mobile homes can be made more 
comfortable by shading the roof 
and sides with a pole-frame struc-
ture, which can also provide a cov-
ered patio and carport. The open 
structure allows heated air to es-
cape from between the roof and the 
mobile home. 
A fine water spray on the roof of a 
mobile home can help keep it cool. 
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structure to support a canvas cover 
which can be removed in the winter. 
Roof Spray 
When a fine spray of water covers the 
roof surface, the evaporation of the water 
cools the roof substantially below the out-
door air temperature. (The evaporation re-
sults in temperatures approaching the wet-
bulb temperature of the outdoor air, which is 
always cooler than the dry-bulb temperature 
of the air except at 100 percent relative humid-
ity.) The water can be applied by a hose 
that has a series of needle-sized holes 
that produce a fine spray. The ideal oper-
ation consists of a unit which will cover 
the enqre roof with a fine spray without 
having surplus water running off the 
roof. If the spray is greater than desired, 
it can be operated intermittently. The 
spray should be turned off after sun-
down. 
Window Fan 
A single window fan of substantial size 
can be successfully used in a mobile 
home. The fan can be located at one end 
of the home, preferably near the kitchen, 
to blow air out. The air enters an open 
window at the other end of the home so 
that the entire space can be ventilated 
with the same air stream. 
Air Conditioning 
In some mobile homes, air conditioning 
units can be attached to the underside 
and the cooled air discharged into the 
same duct system used for heating. 
Room air conditioners can be installed in 
windows, although special bracing may 
be needed for larger units. 
Patios and Fences 
By providing a covered patio and tall 
fence on the sides exposed to the sun, 
some solar heat gain can be eliminated. 
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Each year more and more homeowners equip 
their homes with a summer cooling system. 
The benefits of summer cooling are obvious-
cleaned, cooled, and dehumidified air, and COM-
FORT. With installation of a cooling system, 
the windows can be kept closed, excluding dirt, 
dust, pollen, and other disagreeable elements. 
This circular is intended to familiarize the 
homeowner with ( 1) the various methods that 
are available for cooling residences; (2) the 
types of equipment that are used; (3) the terms 
used to describe the various elements and sys-
tems; and ( 4) the operation and installation 
methods that will give the best results. It is 
not intended to be an instructional manual on 
how to design and install a cooling system. 
For information on the use of solar orien-
tation, shading, insulation, and mechanical 
ventilation for reducing the cooling load, 
see Circular G6.0, Summer Comfort. 
In order to understand how a cooling system 
operates, it is important to have some knowl-
edge of the components that make up the sys-
tem. The following terms will be used in de-
scribing the operation of the various systems. 
compressor - This is a pump and is the part 
of the system that removes the refrigerant from 
the evaporator (cooling coil) at low pressure and 
increases the pressure before sending it on to 
the condenser. 
condenser - The part of the system that re-
moves heat from the compressed refrigerant 
(gas) after it leaves the compressor, and, in the 
process of cooling it, changes the refrigerant 
into a liquid. Generally, the condenser is lo-
cated outside the house in a cabinet which con-
tains the compressor. 
expansion device - a valve or a restriction in the 
piping between the condenser and the evap-
orator. As the liquid refrigerant flows through 
the device, the pressure is reduced and the 
liquid is injected into the evaporator. 
evaporator (cooling coil) - the part of the sys-
tem which chills the air or water used for cool-
ing the house. When the pressure on the re-
frigerant is reduced at the expansion device as 
it enters the evaporator, it changes back to a 
cold gas. This cold gas on the inside of the 
cooling coil absorbs heat from the air or wa-
ter passing over the coil. This cooled air or 
chilled water is delivered to the house through 
ducts or pipes. 
COMPRESSOR-CYCLE EQUIPMENT 
Most residential cooling equipment uses a "com-
pressor-cycle" system. In compressor-cycle 
equipment, the refrigerant, usually Freon, is 
put under high pressure and high temperature 
as it passes through the compressor. In the 
condenser (an arrangement of finned tubes sim-
ilar to the radiator in a car) heat is removed 
from the refrigerant by blowing outdoor air or 
pumping water over the fins, causing the re-
frigerant to condense into a liquid. At the ex-
pansion device, the pressure on the cooled liq-
uid refrigerant is sharply reduced, and as it 
enters the evaporator, another radiator-like 
device, it evaporates into a gas. As it evap-
orates, heat is taken from the surrounding air 
or water that is passing over the evaporator. 
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As room air passing over the evaporator is 
cooled, moisture in the room air will condense 
on the fins or coils and be drained away. This 
dehumidifies the air, which is a major benefit 
of summer cooling. If insufficient room air is 
flowing through the evaporator (cooling coil) the 
evaporator becomes very cold, and the coil 
temperature could fall below 32°F. If this hap-
pens, ice will form on the coil and block the 
passage of air. Cooling effectiveness is lost 
and continued operation could damage the equip-
ment. Lack of air flow can be caused by a slip-
ping or broken belt on the air blower or clogged 
air filters. Another frequent cause of icing of 
the evaporator is low refrigerant pressure, 
usually due to a leak. 
condenser 
Outside unit containing compressor and condenser 
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ABSORPTION-CYCLE EQUIPMENT 
The absorption-cycle system operates by heat, 
(commonly a gas flame ) rather than pressure, 
and uses a refrigerant that is alternately ab-
sorbed and released by an absorbent. The com-
mon systems use ammonia as refrigerant and 
water as absorbent, or water as refrigerant 
and lithium bromide solution as absorbent. 
In this system, the compressor is replaced by 
a generator, but otherwise the process is simi-
lar to the compressor system. Heat is applied 
to the generator and the refrigerant is boiled 
out of the absorbent. The refrigerant, under 
high pressure, passes on to the condenser, 
where it is cooled and condenses into a liquid. 
From the condenser, the liquid refrigerant pas-
ses to the evaporator through an expansion de-
vice. When the pressure is reduced on the liq-
uid refrigerant, it evaporates and absorbs heat 
from the water flowing over the evaporator coil. 
The chilled water is then pumped to the cool-
ing coils or convectors in the house. The re-
frigerant, now in a vapor form, passes on to 
the absorber, where it forms the solution that 
is pumped back to the generator. 
HEAT PUMPS 
The operation of a heat pump is identical to the 
operation of compressor-cycle equipment. The 
only difference is that a valve system can be 
used to select which of two coils acts as the con-
denser and which the evaporator. 
In the summer, the equipment operates iden-
tically to the compressor equipment described 
above, with the condenser outside the house and 
the evaporator in contact with the air circulated 
within the house. 
In the winter, the functions oi the coils are 
reversed and the coil inside the house becomes 
the condenser and the coil located outdoors the 
evaporator. Heat is extracted from the outdoor 
air, even when it is cold, and then transferred 
to the indoor air passing over the condenser. 
The heated air from the condenser is then dis-
tributed through the house. The system gets 
its name because it takes a quantity of heat 
from the outdoor air at low temperature, and, 
through a mechanical process, makes it pos-
sible to deliver the same quantity of heat, but 
at a much higher temperature, into the house. 
The work that is required to do this is repre-
sented by the power that is used by the com-
pressor motor. The heat output of the system 
that is useful for heating indoor air may vary 
between 1 and 5 times the heat equivalent of the 
power required to run the compressor. The 
actual ratio depends on the temperature and 
humidity of the outdoor air and of the indoor air. 
In the heating position, the coefficient of uti-
lization, or effective efficiency, goes down as 
the outdoor air temperature gets colder, until 
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condenser 
it is no longer efficient to operate the equip-
ment. At this point, supplemental resistance 
heaters are switched into the system. 
For most heat pumps, air is used as the out-
door source for either extracting heat in the 
winter or rejecting heat in the summer. How-
ever, where water is available it can be used 
as a source. Heat pumps are available in room-
size or central-system size units. 
I 
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DUCTED AIR COOLING SYSTEMS 
Ducted-air cooling systems afford the home own-
er the advantage of whole house cooling and air 
filtering. Night air cooling with cool outside air 
circulated through the house can also be pro-
vided where the outdoor air is of acceptable 
quality. Equipment can be obtained which re-
quires only power and duct connections for a 
complete installation. Single-unit ducted sys-
tems are usually less expensive than other 
types of complete home air conditioning sys-
tems. Simple servicing and maintenance can 
provide dependable operation. 
EQUIPMENT 
Compressor-cycle (including heat pump) and 
absorption-cycle equipment can be obtained in 
the following combinations for use with an air 
duct system: 
Remote Air Conditioning Units 
Furnace-mounted cooling coils connected to a 
remote outdoor compressor-condenser unit. 
This equipment consists of evaporator coils 
mounted in a furnace plenum (up-flow or down-
flow) and utilizes the furnace blower to move 
air through the coils. The indoor coils are con-
nected to the outdoor compressor - condenser 
unit by piping which carries the refrigerant. 
Independent evaporator unit. This equipment 
consists of a blower, cooling coils, and filter 
combined in a package independent of the heat-
ing system, which is connected to an outdoor 
compressor-condenser unit by piping. It may 
be connected to an existing duct system or to a 
separate duct system for cooling. 
Self-contained Air-Conditioning Unit 
In this type of equipment, the evaporator, blow-
er, filter, compressor, and condensing unit 
are combined in one package located outside the 
Upflow furnace-mounted system 
Downflow furnace-mounted system 
Page 4 
Independent horizontal-flow system 
house. No external piping is necessary. Open-
ings are required for the two ducts that carry 
the warm return air and the cool supply air into 
the building. 
While each type of ducted unit offers particular 
advantages for specific installation problems, 
all can provide satisfactory comfort perform-
ance when they are properly designed and 
installed. 
DUCT SYSTEMS 
The air distribution systen1 may be used for 
both heating and cooling, or as a separate duct 
system for cooling alone. 
Combined year-'round system 
For many installations, a heating duct system 
may be used in conjunction with central air con-
For a combined heating-cooling system, the best 
type of air outlet is a floor or baseboard register 
which directs the air vertically, located along the 
outside wall, preferably under a window 
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ditioning. Summer cooling, however, often re-
quires as much as twice the air circulation re-
quired for heating; therefore, the duct sizes 
must be adequate to handle the larger air quan-
tities. In a year-'round air conditioning sys-
tem, the duct sizing and blower for air circula-
tion are based on summer cooling requirements. 
Since warm air rises toward the ceiling and 
cool air falls towards the floor , it is preferable 
to introduce heated air into a room at a low 
level, and cooling air at a high level. In a com-
bined system, the best compromise is a floor or 
baseboard outlet which directs the air flow up-
ward with sufficient velocity to reach the ceiling. 
Advantages 
• Easier to install 
• Lower installation costs 
• Less space required 
Dis ad vantages 
• May require damper adjustments each 
season to condition rooms evenly 
• May require blower speed adjustments each 
season 
• Uncomfortable drafts may occur when cooling 
with a system having low outlets 
Design and Installation Use Manual 6, Adjust-
ing Air Conditioning Systems for Maximum Com-
fort; Manual 8, Application Guide for Residen-
tial Central Air Conditioning Systems; and 
Manual 9, Code and Manual for the Design and 
Installation of Warm Air and Year 'Round Air 
Conditioning Systems, obtainable from NESCA. 
(See page 7 for address) 
Separate Cooling Systems 
Separate, overhead duct systems are frequently 
installed for central summer air conditioning. 
Supply outlets should be located in the ceiling or 
high on outside or inside walls. Air may be re-
turned through a single central intake in a small, 
rectangular, one-story home, or by multiple 
intakes for larger structures. Return-air in-
takes are usually located in the ceiling of a hall-
way or high on an inside wall. Ducts located 
in unconditioned spaces, (especially attics ) must 
be well insulated to reduce heat gains and avoid 
moisture condensation. 
Advantages 
• Simpler duct system 
• No seasonal rebalancing 
• Less possibility of drafts since the system is 
designed for cooling 
• Can be installed in homes with existing heat-
ing systems that are not readily adaptable to 
cooling 
Disadvantages 
• Higher installation costs 
• Uses more space 
• If used, servicing of attic or roof-mounted 
equipment may not be convenient 
Design and Installation Use NESCA Manual 6, 
Adjusting Air Conditioning Systems for Maxi-
mum Comfort; Manual 8, Application Guide for 
Residential Central Air Conditioning Systems; 
and section 6 of Manual 11, Summer Air Con-
ditioning. 
When the cooling un1t 1s installed in the attic, a 
metal pan with a separate drain should be installed 
under the unit to catch the overflowing water if the 
condensate drain should become clogged. 
CHILLED WATER SYSTEMS 
Chilled water systems can be used separately 
or combined with hydronic heating systems to 
provide summer cooling. A water chiller may 
be added to an existing piping system, or an in-
dependent piping system may be installed to 
take the chilled water to those points in the 
house where cooling is required. Servicing and 
maintenance are not difficult, and a dependable 
system can be provided. The cost of piped 
chilled-water systems is usually more expen-
sive than other types of central home air con-
ditioning systems. 
EQUIPMENT 
Both compressor-cycle and 
water chillers are available. 
absorption-cycle 
The condenser 
Circular G6.1, Cooling Systems for the Home 
and chiller coil may be located remotely, or 
can be contained in one unit. 
Fan-coil Units 
Fan-coil units consist of a coil through which 
chilled water is circulated, a fan for circu-
lating the air over the coil, and a filter ar-
rangement for removing dust and dirt from the 
air. All this equipment is located within a 
cabinet or an enclosure. Fan-coil units may be 
designed for the circulation of either chilled 
water for cooling or hot water for heating. 
Variation in the amount of cooling is sometimes 
provided by the use of a multiple-speed fan 
motor. Filters are located on the inlet side of 
the cabinet or enclosure so that dirt and dust 
Page 5 
are removed from the air before the air is 
circulated over the coil. 
Fan-coils may be installed in cabinets beneath 
the windows, or the unit may be recessed be-
tween the stud spaces in a wall. There are 
also units that are designed to be located at or 
above the ceiling. With this location, it is 
sometimes possible to add short ducts so that 
a single unit can cool several rooms. A fan-coil 
unit will reduce both temperature and humidity. 
A drain system is needed in conjunction with 
the fan-coil unit to pipe the water removed from 
the room air to a drain. 
A fan-coil system located at or above the 
ceiling may be used for both heating and cool-
ing in locations where the winters are relative-
ly mild and no unusually large glass areas are 
present. Where heating loads are large, due 
to cold climates, poorly insulated homes, or 
unusually large glass areas, the winter per-
formance of the fan-coil system is not as sat-
isfactory as other types of hydronic heating. 
Under these conditions, maximum comfort 
conditions for both summer and winter is eas-
ier to obtain by the use of separate heating 
and cooling systems. 
Combined Systems 
It is possible to combine heating and cooling 
systems using chilled or hot water by locating 
the fin-tube equipment near the ceiling line so 
that is has an appearance of a continuous val-
ance along the outside walls. This system has 
proven successful for both heating and cooling 
operations where there are no unusually large 
glass areas. With large glass areas, supple-
mental fin-tube units must be installed be-
neath the glass areas for heating. The system 
uses the same piping for both hot water and 
chilled water. However, the piping must be in-
sulated with a vapor-proof material to prevent 
condensation during the cooling months. Provi-
sions must be made to drain the condensate 
from the trough extending along the bottom of 
the valance units. This system is designed for 
new installations. 
Cabinet-type fan-coil unit 
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' A finned-tube system mounted near the ceiling can 
be used for both heating and cooling if a drain is 
provided for the condensate trough 
Separate Cooling Systems 
It is also possible to install an independent 
chilled-water cooling system that utilizes a 
piping arrangement separate from that of the 
heating system. This method may be used with 
any type of heating arrangement since it is in-
dependent of the heating and permits both the 
heating and cooling systems to be designed for 
maximum performance. One or two fan-coil 
units are used, and these are connected by 
simple duct work to ceiling or high-sidewall 
registers in each room. The fan-coil units 
may be located in the attic, above a dropped 
ceiling, or any other convenient place in the 
house. The water chiller is usually located 
in the basement or utility room. This type of 
system can be employed in homes in which the 
heating system has already been installed 
and it is impractical to adapt the existing sys-
tem to cooling. 
A fan-coil unit mounted above a dropped ceiling can 
serve several rooms with a short duct system 
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INSTALLATION AND OPERATION 
To be assured of a quiet, comfortable, and de-
pendable air conditioning system, the home-
owner should be aware of some of the general 
installation and operating recommendations sug-
gested by manufacturers of cooling equipment. 
While local codes and ordinances may alter 
some of the following suggestions, these instruc-
tions are almost universally acceptable. 
SIZING OF EQUIPMENT 
Equipment should be selected so that its cooling 
capacity will be matched, as closely as possible, to 
the calculated heat gain of the dwelling. A stan-
dard method of calculating cooling loads is con-
tained in Manual J, distributed by the National 
Environmental Systems Contractors Association, 
1501 Wilson Boulevard, Suite 1110, Arlington, Vir-
ginia 22209, and Guide C-30 published by the 
Hydronics Institute, 35 Russo Place, Berkeley 
Heights, New Jersey 07922. Both will give com-
parable results. 
Unlike heating systems, cooling systems should 
not be oversized, but work best slightly under-
sized. This is because a major benefit of cooling is 
dehumidification, except in desert climates. In 
order to dehumidify the air passing over it, the 
evaporator must be kept cold, which means the 
compressor should run almost continuously for 
maximum comfort. 
LOCATION OF OUTDOOR UNIT 
Correct location of the outdoor compressor-
condenser unit is important from two aspects. 
First, the unit makes noise, although some types 
are quieter than others. It is essential that the 
unit be located so it will not disturb neighbors. 
Noisy air conditioners have been adjudged nui-
sances. The sounds of intermittent operation 
are particularly annoying to someone trying to 
sleep in a room with windows open near the 
source of noise. If the unit must be located 
near adjoining buildings, it should be screened 
with a solid fence and/ or landscaping to reduce 
or deflect the sound. 
The second factor in condenser-compressor 
unit location is heat-it should be in the coolest 
location that is practical, preferably on the 
north side of the building, or in the shade. The 
cooler the air entering the condenser, the more 
efficient it is. In many cases, the landscaping 
which conceals the sound barrier can also 
shade the condenser. 
OPERATION 
The homeowners first impulse after installing 
a central cooling system is to use it as little 
as possible. This comes as a result of worry 
over operating costs or concern over odor ac-
cumulation and a desire to "ventilate the house". 
A summer cooling system should be operated 
in much the same fashion as a winter heating 
Circular G6. 1, Cooling Systems for the Home 
system. The house should be closed most of 
the time. Instead of turning the unit on and off 
by switch, the unit should be controled by the 
thermostat. If the house is left open until the 
indoor temperature becomes uncomfortable, it 
will take a considerable length of time before 
the cooling system can "catch-up" and before 
there is any noticeable change in humidity and 
temperature. On some cases it may be far in-
to the evening before any effect is noticed. 
Opening the windows after sunset allows con-
siderable amounts of humid air to enter the 
house, undoing all the work of the cooling system. 
(There are a few days in early spring or fall 
when outdoor humidities are low that would be 
exceptions to the above statement.) 
Unusually tight houses could present odor 
problems in the summer. Odors from cooking, 
smoking, and living can accumulate more readily 
in the summer since natural ventilation (in-
filtration) is not as high. Rather than open 
windows to introduce outside air, it is better to 
provide exhaust fans in kitchens and bathrooms 
to remove odors and moisture at the source. 
Smoking is probably the most difficult odor 
to control. It is practically impossible to main-
tain a fresh indoor atmosphere in houses where 
smoking takes place. It is possible to intro-
duce large amounts of ventilation air into the 
cooling system, but few homeowners would be 
willing to pay the cost of the installation and 
operation of such a system. An electronic air 
cleaner will remove some of the smoke that 
passes through it but will not remove the odor. 
For those who insist on minimum system op-
eration, this procedure should be followed: 
If night cooling by outdoor air is used, the 
house should be closed in the morning before the 
indoor temperature rises. In a well-insulated, 
shaded house the indoor temperature will not 
rise as quickly as that of the outdoor air. The 
system should then be "switched on" and the 
thermostat allowed to control it. 
A solid fence and shrubbery can deflect sound from 
adjoining houses and shade the outdoor unit 
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ROOM UNITS 
Window units or through-the-wall units may be 
used to cool small areas within a house, or 
even small housing units such as apartments. 
The window units fit into the opening of a 
double-hung window, and special units are 
available for installation in casement windows. 
The units vary in cooling capacity from as 
small as 5,000 Btuh to 35,000 Btuh 0 • Room 
air is circulated through the unit, where it is 
cooled, dehumidified, and filtered. A con-
densate drain is not necessary since the mois-
ture condensed from the air is evaporated in-
to the outdoor air. The units are electrically 
operated, and many of the small ones can 
be plugged into existing electrical outlets. The 
larger units require 220-240 volts and use up 
to 20 amperes of electricity. These require a 
separate circuit that is installed particularly 
for the air conditioning unit. 
Through-the-wall units are simply window 
units that have been provided with a metal 
sleeve that is built into the wall, which makes 
the installation more permanent. The chief 
advantage of the through-the-wall unit is that 
the window is not obstructed by the air condi-
tioning unit, and the unit rna y be placed high on 
the wall so that the distribution of the cooled 
air is more efficient. The chief disadvantage 
of the through-the-wall unit is that when the 
unit must be replaced after some years of serv-
*British thermal units per hour. 12,000 Btuh = one ton cooling capacity. 
Typical room air-conditioning unit 
EVAPORATIVE COOLING 
Evaporative coolers are designed to take ad-
vantage of nature's system of cooling air by 
evaporation of water. When water evaporates, 
heat is removed from the air. 
A typical evaporative cooler consists of a 
cabinet containing a filter pad and a fan. The 
fan draws outdoor air though the filter pad, 
which is kept moist with water. Through the 
evaporation of this water, the air in the cab-
inet is cooled. The air is then circulated 
through the house. 
Since the outdoor air must be relatively dry, 
evaporative cooling is effective only for hot, 
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Unit for 
double-hung windows 
Section of 
thru-the-wall unit 
Unit for 
casement windows 
ice it may be difficult to find another unit that 
will fit the sleeve. Some manufacturers have 
standardized the size of the sleeves, but there 
are still many non-standard units. 
It is desirable to install room air condition-
ing units in the east or north walls of a house 
when possible, because the outside temperature 
is lower during the hottest part of the day. The 
operation of the room unit is similar to that of 
a central system, although it is possible to run 
only those units where cooling is required and 
not to cool the entire house. Since the unit is 
located almost completely in the space that is 
cooling, the noise of the fan and compressor 
operation is very often objectionable, partic-
ularly in bedroom areas. 
dry areas such as the southwestern part of the 
United States. It is not recommended for areas 
of high humidity (black areas on map). 
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Interior Design 
Interior design can 
make a home inviting and 
functional. A well designed 
interior should reflect your 
lifestyle, and it should 
satisfy your personal ideas 
of comfort, beauty, and 
maintenance. By following 
suggestions outlined in this 
publication, you can plan 
and create a unique interior 
environment of your own. 
INTERIORS TO FIT YOUR UFESTYLE 
Like people, every house has a personal-
ity. Good interior design matches the per-
sonality of the home to the personality, 
activities, and needs of those who live 
there in an attractive, comfortable way. 
Designing an interior isn't quite as 
simple as it might seem. You might al-
ready have begun looking through maga-
zines for design ideas. Or maybe a visit 
to a friend's house has inspired you to re-
decorate. But to make sure the interior of 
your home reflects your family's tastes, 
you should look systematically at all the 
things that will eventually affect the 
room's appearance. 
To show you how interior design 
works, we're going to take you through 
each step in the design process. The first 
step is to take a look at the rooms you'll 
be designing. 
D 
ing the weaknesses, you can make the 
most of available space. 
New Construction 
Individuals planning a new home are 
free from space limitations - until the 
first brick is laid. If you're planning to 
build a new home, don't leave your 
plans for the interior until last. Make 
sure you have enough money left in the 
budget to buy furniture, wallpaper, light-
ing, drapes, and carpet. 
Keep in mind that activities and indi-
vidual needs may change. It is far easier 
and far less expensive to anticipate 
changes than to change the building later. 
Design Tools 
Interiors consist of more than just tables 
and chairs. An interior designer, or an in-
terior design, can take advantage of 
many "tools" to create attractive interiors. 
You'll be using all these "tools" as you design 
your interior: 
.A wall coverings (paint, wallpaper) 
.A flooring (carpeting, tile, hardwood) 
.A window treatments (draperies, blinds) 
.A furniture (seating, storage, work space) 
.A lighting (table, ceiling, floor) 
.A wall decorations (paintings, prints) 
Before you decide which of these de-
sign tools to use, draw up a preliminary 
plan to guide your purchases. 
START WITH A "DESIGN PLAN" 
Most home design projects are done in 
phases. You work on different parts of 
the home at different times. But even if 
you plan to do the work in stages, you 
should develop a long-term design plan. 
11'----'1:---~ '""tr"'""t--fll-------4...::::~~::...t-------- A plan will help you avoid splurging, 
You have a variety of "design tools" 
to use on your interiors. Fabric, 
paint, furniture, lighting, and pic-
tures should all be part of a well 
thought out design plan. 
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Existing Buildings 
In existing buildings, room size and 
shape, ceiling height, window and door 
size and location, and fireplaces all limit 
what you can do. These things can be 
changed, of course, but not without the 
services of an architect and contractor. 
However, good planning can tum liabili-
ties into assets. The secret is to assess 
each room's strengths and weaknesses. 
By accenting strengths and down-play-
and it will keep you from spending the 
entire budgeted amount on just one 
room. 
A simple plan has these elements: 
.& a floor plan; 
.A a detailed list of furnishings; 
.A a list of priorities for your purchases. 
Start by drawing up a floor plan. In-
clude all the changes you plan to make, 
even those you do not plan to make right 
away. 
As soon as you have completed your 
plan, make a detailed list of all required 
furnishings. Then set priorities. 
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After measuring the room, transfer 
your measurements to graph paper. 
A scale of 114 inch to the foot works 
well for developing a design plan. 
Decide which pieces of furniture, or 
other elements of the interior, you will 
need to purchase first. Buy appropriately. 
Remember that every room has areas 
that will be used more often and will 
have different wear-patterns. Invest the 
most money in items that will get the 
most use. Save money by purchasing in-
expensive items for areas that do not get 
a lot of use or wear. 
Knowing the basic approach, where 
do you start? If you try to juggle all the 
pieces of a good design at once, you end 
up with too many balls in the air. Try the 
approach interior designers use. Look at 
each element in the design by itself. This 
can help you visualize the finished room. 
ARRANGING FURNITURE 
Home furnishings should serve those 
who live there and simplify day-to-day 
activities. Furniture arrangement is im-
portant because it can make a room more 
functional. Appearance is not its only 
role. Analyze each area to see what fur-
nishings are needed and how they 
should be arranged. 
To begin you may need to draw a 
floor plan of the areas or rooms to be 
furnished. The floor plan is a two-dimen-
sional view of a three-dimensional space. 
The floor plan should show the walls, 
doors, and chimney locations. You can 
also indicate where windows are located 
so that you don' t accidentally place furni-
ture where it will block the view. 
Use a tape measure to make a rough 
sketch of the floorplan in an existing 
r.============ =======:::;;;;;;;;;;;;;;;-y room. Then transfer the measurements to 
Experiment with 
different room 
arrangements. Use 
fixed features, such as 
a fireplace, as a focal 
point. The design at 
the top uses two book-
cases on the walls next 
to the doorway. The 
room arrangement at 
the bottom has placed 
a desk in one corner 
and two chairs and a 
table in the other. 
Though both arrange-
ments use the same 
pieces of furniture, the 
top arrangement is the 
best because the seat-
ing is arranged around 
a focal point. 
3 
~ 
v 
D 
Q . . 
grid paper to help scale your plan. (A 
scale of 1 I 4 inch to the foot is best.) 
Using duplicate copies of this plan 
makes it possible to experiment with a 
number of different furniture ar~·ange­
ments to create a space you like. A few 
simple principles can help you decide on 
the best arrangement. 
First, leave adequate space around fur-
niture and equipment for easy use and 
operation. Always keep pathways clear 
and doors unobstructed. 
Determine the traffic pattern through 
L!::=================~~ the room. Use the flow pattern to estab-
lish a "focal point." Perhaps your eye nat-
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urally looks toward a picture window or 
pauses at a fireplace. Create your room 
arrangement around such centers of in-
terest. 
Determine the position of the largest 
piece of furniture first. Then look for 
ways to balance the room arrangement 
as you place the smaller pieces. The 
smaller pieces fall into place as you ex-
periment. 
Balance 
The idea of balance is an important one in 
interior design. Balance is the relation-
ship of parts in a room, and this relation-
ship can be symmetrical and asymmetri-
cal. 
Generally, a symmetrical placement 
will create a more formal and traditional 
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Pictures and mirrors should be large 
enough for the furniture under them 
or the walls on which they hang. 
This mirror is too large for the table 
under it. 
This group of pictures matches the 
size and scale of the table. In one 
arrangement, the plant makes the 
table seem more important. 
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look. Symmetrical arrangements place 
similar items on either side of an imagi-
nary line, creating a mirror image. Asym-
metrical balance is more informal and 
contemporary. Objects of different sizes, 
shapes, or colors are arranged together to 
create balance and unity. A room lacking 
in balance appears awkward and can be 
very unpleasing to the eye. 
-
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FINDING THE RIGHT SCALE 
Scale is another aspect of design to con-
sider. Scale refers to the relative size of 
furniture, rooms, buildings and the peo-
ple using the space. It's why an antique 
armoire looks better in historic houses 
with tall ceilings than it does in a mod-
ern house with an 8-foot ceiling. Keep all 
furnishings consistent in scale to each 
other, the occupants, the room, and the 
building of which they are a part. 
When the time comes to purchase fur-
nishings, keep the arrangement simple 
and use only as many pieces as are 
needed. Overdone or overcrowded 
rooms can be very unappealing and diffi-
cult to live in. 
Furnishings used together should be 
similar in scale to achieve harmony. A 
small end-table with long, thin legs will 
look out of place beside a large sofa. 
The scale of furnishings must suit the 
room. Huge overstuffed chairs are out of 
scale with a small room and make it 
seem smaller. 
The size of furniture must be right for 
the comfort of those who use it most. For 
example, some tables do not have knee 
room for long-legged people. Some 
chairs are too long in the seat from front 
to back for shorter people. 
Lamps should be large enough for the 
tables and chairs with which they are 
used. If the lamps seem too small, larger 
shades may help. 
Pictures and mirrors should be large 
enough for the furniture under them or 
the wall on which they hang. Try group-
ing several small pictures, or frame them 
with larger mats to make them look 
more important. Sometimes the table 
may be too small for the picture or mir-
ror above it. Try making the table seem 
larger and more important by using 
plants around it. 
Draperies and curtains should not be 
too skimpy for the height and the width 
of the window. An abundance of inex-
pensive material is better than an insuffi-
cient amount of costly material. 
Rugs should be large enough for the 
floor area. Floor coverings laid wall-to-
wall, or nearly so, unify a room and 
make it seem more spacious. 
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Color can unify a room or accent 
points of interest. 
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CHOOSE COLOR WISELY 
Color can accomplish more for less cost 
than any other element of interior de-
sign. Everything in a room has color, ei-
ther natural or applied. 
Color creates mood or atmosphere. It 
can make a room seem cheery or restful, 
warm or cool. Color can be used to unify 
a room, hide ugly shapes, accent points 
of interest, make a small room seem 
larger or a dark room seem lighter. 
Colors may be pure ("strong") or 
grayed ("soft"). This characteristic is 
called the intensity (or chroma) of the 
color. 
Color may be light or dark. This char-
acteristic is called the value of the color. 
Both intensity and value exist in all 
colors at the same time. For example~ ver-
million is a pure, medium-value red; ma-
roon is a dark, grayed red; buff is a light, 
grayed yellow. 
Balancing Color 
Successful use of color is achieved by a 
balance of colors of different intensities 
and values. A room in which all the 
colors are light and grayed is often bland 
and uninteresting. A room in which the 
predominant areas of color are pure 
(either light or dark) is usually harsh, 
and will soon become tiresome. 
Walls, ceilings, and floor coverings are 
large areas which form the basis of any 
color scheme. Generally, these large areas 
should be soft and light in value. They 
are easier to live with and form a back-
ground which complements the stronger 
colors of the furnishings and accessories. 
The pure colors form the accents in a 
room because a small amount of pure, 
strong color will balance a large area of 
soft, light-valued color. Notice how occa-
sional chairs, vases, flowers, pictures, 
and small accessories can be brilliant in 
color, and much lighter or darker, with-
out destroying the unity of a color 
scheme. 
There are three types of color schemes: 
.A. contrasting; 
.A. analogous, or similar; 
.A. monochromatic, meaning various values 
and hues of one color. 
All can be used successfully. Their use 
depends upon you and the mood you 
want the room to express. 
Pick Colors You Like 
Choose colors you like, not necessarily 
the colors of current fashion. Forget such 
rules as: "Blue and green should never 
be used together." Use your eyes; not 
your fears. Select from samples, and you 
will find many combinations that are 
pleasing. 
Before you decorate, collect color sam-
ples of wallpaper, paint, upholstery, and 
carpeting. Have samples of every color 
you intend to use. Study possible combi-
nations carefully. Take your time. If you 
still like a particular combination after a 
day or two, you may want to use it. 
If you wish to use a new and daring 
color on a large area such as a wall, and 
are unsure about it, try painting a large 
piece of paper - a square yard or more in 
size- with the color, and let it dry as a 
test area. Or, paint the smallest end of the 
room and let it dry. This will enable you 
to better judge how the color will look in 
large amounts. Similarly, large samples 
of carpeting, drapery, and upholstery ma-
terials are much easier to judge than 
smaller samples. 
Do not be drab in order to be practi-
cal. Bright colors do not show soil any 
more than neutral colors of the same 
value. Many present-day materials are 
amazingly soil resistant. 
Generally, limit yourself to three or 
four principal colors in a room. This limi-
tation will require you to repeat each 
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color throughout the room, helping to 
achieve unity. 
It is much easier to harmonize the 
color of walls and draperies with a car-
pet than to match a carpet to the walls 
and draperies. For a spacious look, use 
drapery material of the same value (light-
ness or darkness), but not necessarily of 
the identical color, as the walls. 
Various colors of woods harmonize 
and add interest. All wood in a room 
need not be identical. 
USE SIMPLE FORMS 
Form is the shape of furnishings and ac-
cessories within the interior. Different 
types of form produce rooms with differ-
ent characters. For example, organic 
shapes and curved lines suggest softness 
and slow movement ideal for a restful 
space. The use of predominantly rectan-
gular shapes and straight lines creates a 
serene and uncluttered space. However, 
triangular forms and diagonal lines can 
produce feelings of dynamic movement 
and speed. 
While there are no explicit rules in-
volving the use of form, a good general 
guideline is to go with simplicity. Enrich-
ment of shapes with carving or ornamen-
tation can be beautiful as long as the dec-
orations do not detract from the basic 
shape of the piece of furniture or acces-
sory. 
If the shapes are kept simple, furni-
ture from different periods can be very 
successfully combined, as long as their 
forms complement each other. This 
makes it easy to combine pieces you al-
ready own with new pieces to create a 
unified interior. 
PATTERN AND TEXTURE 
Everything in a room has pattern and tex-
ture- fabrics, stone, wood, glass, metal, 
plaster, brick, china, plants. You can see 
pattern in printed and woven designs 
and in wood grain. 
Textures can usually be felt as well as 
seen. Porcelain is smooth and hard; 
tweed, coarse and soft. Textures can form 
subtle patterns. 
Be very careful in using two strong 
patterns close together in large amounts. 
Be especially careful mixing similar large-
scale patterns. Plain or unobtrusively pat-
terned coverings are usually best for 
large areas such as walls or floors. Such 
coverings are easier to adapt to a decora-
tive scheme than those with strong pat-
terns. 
With a textured or patterned wall, 
plain draperies or those with an unobtru-
sive pattern are usually best. 
Use contrasting textures for variety 
where contrasting colors or patterns 
might destroy unity. 
Plain or subtly patterned coverings are usually 
best for large areas such as walls or floors. Be 
careful when using two strong patterns close 
together and in large amounts. 
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Use a patterned covering where soil-
ing is a problem or where an empty 
space, such as a hallway or foyer, lacks 
interest. 
TIPS ON REDESIGNING A ROOM 
Although no two design problems will 
be exactly alike, it may be helpful to ex-
amine a typical design problem to get a 
feel for what can be done to improve 
your home. 
The main objectives when redesigning 
your home are to improve the appear-
ance of the area and to make it more 
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functional and comfortable. Each room 
will also have its own needs, such as effi-
ciency in a kitchen, or coziness for a den 
or family room. 
The current trend is to design a multi-
purpose room. This enables many more 
activities to occur at the same time, draw-
ing family members together. Many 
times, you can use space better by sim-
ply rearranging the furniture to meet 
your needs. 
Scale the furniture according to other 
pieces in the room. Wall arrangements of 
photographs or prints should be scaled 
to look appropriate with nearby furni-
ture. 
Provide adequate lighting. Lamps 
should be large enough to provide read-
ing lighting, yet not too large, or they 
will look cumbersome on a small table. 
You can use track lighting to draw atten-
tion to centers of interest. 
Use rugs to set apart different activity 
areas. Runners are a type of rug that can 
lead one visually from one room to the 
next. Rugs need not be restricted to areas 
where hard flooring is covered. They can 
also be used over existing wall-to-wall 
carpet. 
Use space wisely. Small areas should 
not be cluttered with large, overly ornate 
pieces. Diagonal pieces in the comers 
can waste space and make the room 
seem cluttered. This is particularly true 
in small rooms. 
Use finishes to enhance the structure 
of the room. Large prints, for example, 
will enhance the graciousness and vol-
ume of spaces with high ceilings. 
Small rooms, or spaces that are overly 
large, can be made more comfortable 
with color, pattern, and wall and ceiling 
treatments. Light colors will"open up" a 
small area. Porous floor and wall cover-
ings, such as carpets and heavy fabric 
can minimize noise problems in very 
large rooms. Hard surfaces reflect sound 
and light, whereas porous floor and wall 
coverings absorb sound. 
Use window treatments to accentuate 
or disguise the size and shape of the win-
dow. Window treatments can also frame 
a beautiful landscape, hide a trouble-
some view, or act as barriers to heat or 
cold. You can choose from mini-blinds, 
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roller shades, balloon shades, shutters, in-
sulated draperies, sheers, and more. 
Use immovable objects to their best 
advantage. A fireplace can be a dramatic 
focal point. Group furnishings or prints 
around the fireplace to create a unified ef-
fect. Built-in bookcases can also be fur-
nished to be a center of interest. Al-
though they are not fixed objects, a 
grouping of photographs, plants, or 
products of a hobby can also provide a 
similar effect. 
COORDINATE FURNITURE STYLES 
The quality and style of the furniture in a 
home says a great deal about the people 
who live there. Are you formal or casual? 
Do you like formal suites, antiques, or 
furniture that's casual and easy to clean? 
First-time homeowners usually do not 
have enough furniture to have a com-
plete set in every room, and the cost of 
refurnishing a whole room is too great 
for many budgets. 
Don't sacrifice quality to buy a com-
plete grouping. Purchase the most 
needed and versatile pieces first. A bed 
and a dresser are obvious first pieces. A 
table can also double as a desk if money 
and space are tight. 
Because you may never purchase the 
whole set, select a style that will stay 
stylish even if trends change. Choose a 
style that fits with other pieces and car-
ries the overall atmosphere of the home. 
If you ar~ buying new furniture to 
match antiques or other styles, select 
pieces that will complement the features 
of the furniture you already own. Ana-
lyze the form, scale, and character to see 
if the pieces work well together. 
Families move more today than they 
have in the past. This can be an impor-
tant consideration when buying furni-
ture. If you know you may be moving 
often, do not commit to a furniture style 
that only looks good in a certain style 
house. The pieces you select should be 
able to adapt well to many different set-
tings. 
The type of atmosphere you want to 
create will affect the kind of furniture 
you buy. Traditional, classical furniture is 
very formal; simple wood furniture is 
"homey;" contemporary is sleek and ex-
citing. 
The furniture style and function 
should fulfill the needs and activities of 
the people using it. If there are children 
or pets, the furniture should not be elabo-
rate or excessive, but durable. 
Easy maintenance is another impor-
tant factor to consider when selecting fur-
niture. It is important to know if the ma-
terial is going to require extra care or just 
regular cleaning. With today's lifestyles, 
maintenance is something that should 
not be overlooked. 
Most of all, the furniture should func-
tion well in the space. It should be effi-
cient, attractive, and livable. Quality fur-
niture will be around for a long time 
and, if it is chosen properly, it can be a 
worthwhile and beautiful investment. 
© 1990 by The Board of Trustees of the University of Illinois 
Material in this publication by: 
Professor Joy Potthoff, with Julie Stoner, Nancy Auth, Heather Toman, 
Jim Campbell, Jill Matson, Julie Marchiando 
Editor: Marylee MacDonald 
Graphic Arts: Selah Peterson, Mary Leonard-Cravens, Sheila McCarthy 
All rights reserved. No part of this publication may be reproduced in any form without 
permission in writing from the publisher. Published by the Building Research Council, 
University of illinois at Urbana-Champaign, One East Saint Mary's Road, Champaign, 
illinois 61820. This publication is one of a series written for the homeowner. Write us for 
a complete list of publications, or call (800) 336-0616. 
